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Enolizations of highly substituted acyclic ketones used in the syntheses of tetrasubstituted 
olefin-based anticancer agents are described. Lithium hexamethyldisilazide (LiHMDS)-mediated 
enolizations are moderately Z-selective in neat tetrahydrofuran (THF) and E-selective in 2.0 M 
THF/hexane. The results of NMR spectroscopy show the resulting enolates to be statistically 
distributed ensembles of E,E-, E,Z-, and Z,Z-enolate dimers with subunits that reflect the 
selectivities. The results of rate studies trace the preference for E and Z isomers to tetrasolvated- 
and pentasolvated-monomer-based transition structures, respectively. Enolization using 
LiHMDS in N,N-dimethylethylamine or triethylamine in toluene affords a 65:1 mixture of 
LiHMDS−lithium enolate mixed dimers containing E and Z isomers, respectively. Spectroscopic 
studies show that condition-dependent complexation of ketone to LiHMDS occurs in 
trialkylamine/toluene. Rate data attribute the high selectivity exclusively to monosolvated-dimer-
based transition structures. 
Rate and mechanistic studies of ortholithiations by lithium 2,2,6,6-tetramethylpiperidine 
focus on four arenes: 1,4-bis(trifluoromethyl)benzene, 1,3-bis(trifluoromethyl)benzene, 1,3-
dimethoxybenzene, and 4,4-dimethyl-2-phenyl-2-oxazoline. Metalations occur via substrate-
dependent combinations of monosolvated monomer, disolvated monomer, and tetrasolvated 
dimer (triple ions). Density functional theory computational studies augment the experimental 
data. We discuss the challenges presented by shifting dimer–monomer proportions in 
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Lithium Hexamethyldisilazide Mediated Enolizations of Highly Substituted Aryl Ketones: 
Structural and Mechanistic Basis of the E/Z Selectivities 
 
Abstract  
Enolizations of highly substituted acyclic ketones used in the syntheses of tetrasubstituted olefin-
based anticancer agents are described. Lithium hexamethyldisilazide (LiHMDS)-mediated 
enolizations are moderately Z-selective in neat tetrahydrofuran (THF) E-selective in 2.0 M 
THF/hexane. NMR spectroscopy shows the resulting enolates to be statistically distributed 
ensembles of E,E-, E,Z-, and Z,Z-enolate dimers with subunits that reflect the selectivities. The 
results of rate studies trace the preference for E and Z isomers to tetrasolvated- and 
pentasolvated-monomer-based transition structures, respectively. Enolization using LiHMDS in 
N,N-dimethylethylamine or triethylamine in toluene affords a 65:1 mixture of LiHMDS–lithium 
enolate mixed dimers containing E and Z isomers, respectively. Spectroscopic studies show that 
condition-dependent complexation of ketone to LiHMDS occurs in trialkylamine/toluene. Rate 




 As part of our program to develop GDC-0810, a selective estrogen receptor degrader 
currently in clinical trials for the treatment of breast cancer,1 we required an efficient and 
stereoselective synthesis of a tetrasubstituted acyclic all-carbon olefin, a structural motif central 
to a number of anticancer agents including tamoxifen,2 idoxifene,3 and etacstil.4 Our strategy, 
outlined in Scheme 1.1, was fraught with challenges, not the least of which was the requisite E-
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 The plan was founded on lithium hexamethyldisilazide (LiHMDS)-mediated enolizations 
of much simpler ketones showing highly solvent-dependent E/Z selectivities (eq 1.1).6 The 
dependencies in such uncongested cases derive from markedly different mechanisms 
corresponding to monomer- and dimer-based transition structures 5 and 6,7,8 which offered the 
possibility that the stereoselectivity would extend to the stereochemically demanding case in 
Scheme 1.1. Indeed, 65:1 E/Z selectivity exceeded expectations.5 In this paper, we describe the 
combination of spectroscopic, kinetic, and computational methods used to ascertain the origins 
of the low selectivities observed with LiHMDS/tetrahydrofuran (THF) and the high selectivities 
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 General. LiHMDS, [6Li]LiHMDS, and [6Li,15N]LiHMDS were prepared and purified as 
white crystalline solids.9 Previous studies of LiHMDS described solvent-dependent dimer-
monomer mixtures (eq 1.2), although the equilibrium was surprisingly sensitive to the choice of 
hydrocarbon cosolvent (vide infra).10,11 Rate studies were undertaken using the tactics described 
in two reviews.12 Density functional theory (DFT) computations were carried out at the 
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 Enolate Structures: THF. The enolization of 1 using [6Li,15N]LiHMDS in neat THF at 
0 °C afforded an ensemble of three resonances recorded at –80 °C and designated E,E-2, E,Z-2, 
and Z,Z-2 (1:32:67; Figure 1.1A). This result was consistent with the approximate 1:6 E/Z 
selectivity shown with tosylation and subsequent high-performance liquid chromatography 
analysis.5 The absence of resonances displaying 6Li–15N coupling confirmed that detectable 
mixed aggregates were not present. As the THF concentration decreased, the distribution of 
enolates shifted to favor E-2 (Figure 1.1B–D) with a concurrent shift in the distribution of 
isomeric trapped tosylates. The method of continuous variation,14 was used to plot of the relative 
populations of E,E-2, E,Z-2, and Z,Z-2 versus measured mole fraction15 of the E-2 subunit (χE) 




Figure 1.1. 6Li NMR spectra of mixtures containing E,E-2, E,Z-2, and Z,Z-2 from 0.10 M 
[6Li,15N] LiHMDS (showing no coupling) and 0.10 M 1 in THF/hexane at –80 °C after aging at 
0 °C for 48 h: (A) neat THF (12.2 M); (B) 6.0 M THF/hexane; (C) 4.5 M THF/hexane; and (D) 
3.0 M THF/hexane. The measured mole fractions (χE) of E-2 in A–D are 0.17, 0.30, 0.56, and 
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Figure 1.2. Job plot showing the relative integration of the 6Li resonances versus the measured 
mole fraction (XE)15 of E-2 for 0.10 M mixtures of E- 2 and Z-2 at –80 °C at varying THF 
concentrations in hexane (see Figure 1.1). 
 
 At <3.0 M THF (the right side of Figure 1.2), enolate insolubility became a problem. On 
a positive note, we obtained an X-ray crystal structure that, although of marginal quality, showed 
a trisolvated tetramer (Figure 1.3).  
 
 
Figure 1.3. Low-resolution X-ray crystal structure of 2 crystallized from 0.10 M enolate 
generated in 2.0 M THF/hexane solutions. The compound is a trisolvated tetramer composed of 
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 Computational studies at the B3LYP level of theory with the 6-31G(d) basis set and MP2 
correction13,14 were used to probe some of the inherent properties of the enolate dimers. Serial 
solvation showed that E,E-2, E,Z-2, and Z,Z-2 saturated at tetrasolvation (n = 2). The 
heterodimer E,Z-2 showed a small (0.4 kcal/mol) net stabilization, as observed experimentally.  
 Mechanism of Enolization: THF. Enolizations of 1 (0.010 M) with LiHMDS (0.020–
0.20 M) in THF/hexane mixtures (2.0–12.2 M THF) were followed at 0 °C. The results of in situ 
IR spectroscopy18 showed that the loss of 1 (1687 cm–1) followed a first-order decay. The 
pseudo-first-order rate constants (kobsd) were independent of the initial concentration of 1, 
consistent with a first-order ketone dependence. Ketone 1 deuterated at the 2-position (1-d1) 
afforded an isotope effect (kH/kD = 6) consistent with rate-limiting proton transfer.  
 A plot of initial rates19 versus THF concentration revealed a deceptively simple 
dependence; a fit to rate = a[THF]n afforded n = 2.8 (Figure 1.4, inset). The deception stemmed 
from the shift of >95% disolvated dimer in 2.0 M THF/hexane to >95% trisolvated monomer in 
neat THF (eq 1.2).10 A simple power function did not account for the dimer-monomer 
equilibrium or the affiliated change in solvation per Li. If the reaction had proceeded via a single 
mechanism involving disolvated monomer (AS2), such as transition structure 5, a maximum in 
the plot at intermediate THF concentrations would have been observed.20 That the rates continue 
rising even as trisolvated monomer becomes dominant demands that an even more highly 
solvated form be involved in the enolization. By monitoring the THF-dependent E/Z selectivities 
over the analogous range of THF concentrations, we separated the components of the two 
pathways and showed that they contribute to second- and third-order dependencies (see Figure 
1.4, curves A and B, respectively). Once again, these orders, which are consistent with the 
measured ratios, were not trivial to extract from the data and required fitting to the model 
discussed below and described in the supporting information. Using toluene in place of hexane 
resulted in no measurable difference in the THF dependence, which seems self-evident except 
that pronounced hydrocarbon effects on LiHMDS/THF-mediated enolizations have been 
observed.20 




Figure 1.4. Plot of initial rate vs THF concentration in hexane for the enolization of 1 (0.010 M) 
with LiHMDS (0.10 M) at 0 °C measured with IR spectroscopy (1687 cm–1). The inset depicts 
an unweighted least-squares fit to y = axn [a = 0.05 ± 0.03, n = 2.8 ± 0.2]. Curves A and B 
represent unweighted least-squares fits to each half of eq 1.3 (k1 and k2, respectively) with 
A2(THF)2 described in eq 1.4. The initial rates for the formation of E-2 were determined by 
multiplying the proportion of E-2 at a given THF concentration by the total initial rate at that 
concentration. The initial rates of Z-2 formation were calculated similarly. 
 
 A plot of initial rates versus LiHMDS concentration in neat THF, conditions in which 
trisolvated monomer 8 (eq 1.2, S = THF) dominated (97%), showed a first-order dependence 
(Figure 1.5), confirming that the observable monomer reacts as a monomer. The analogous plot 
in 2.0 M THF/hexane, which favored dimer (96%), revealed an approximate half-order 
dependence (Figure 1.6) consistent with a dimer–monomer pre-equilibrium followed by a 
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Figure 1.5. Plot of initial rate vs LiHMDS concentration in neat THF (12.2 M) for the 
enolization of 1 (0.010 M) at 0 ºC measured with IR spectroscopy (1687 cm–1). The curve 




Figure 1.6. Plot of initial rate vs LiHMDS concentration in 2.0 M THF/hexane for the 
enolization of 1 (0.010 M) at 0 ºC measured with IR spectroscopy (1687 cm–1). The curve 
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 The rate data are consistent with the rate law in eq 1.3 and the mechanism illustrated in 
eqs 1.4–1.7.21 The complexity stems from solving for [A2(THF)2] while accounting for both the 
shifting ground state—dimer to monomer—and the corresponding change in solvation number 
per Li. The underlying math is beyond the scope of this paper and is relegated to the supporting 
information.  
 
  Rate = (k1[THF]3 + k2[THF]4)[1][A2(THF)2]1/2   (1.3) 
 
 A2 THF( )2⎡⎣ ⎤⎦=
1
8 4 A[ ]0 +Keq THF[ ]
4




                              Keq 
  1/2 A2(THF)2 + 2 THF  A(THF)3    (1.5) 
 
                       k1[THF] 
  A(THF)3 + 1   E enolate    (1.6) 
 
                       k2[THF]2 
  A(THF)3 + 1    Z enolate    (1.7) 
 
 Structures of LiHMDS/ketone complexes: Trialkylamines. The rate studies of 
LiHMDS/trialkylamine-mediated enolizations were necessarily founded on the structural 
assignments of LiHMDS in the various trialkylamines with ketone present (Scheme 1.2). In 
weakly coordinating trialkylamines, LiHMDS–ketone complexes were readily observed. They 
differed quantitatively from analogous complexes formed from 2-methylcyclohexanone or 3-
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 In the absence of trialkylamines at –100 °C, ketone 1 complexed to LiHMDS dimer 9 to 
afford mono- and dicomplexed dimers 10 and 11. Complex 10 displayed an IR absorbance at 
1671 cm–1 and, in the NMR spectra, two 6Li triplets (1:1) coupled to a single 15N quintet. 
Complex 11 appeared as a 6Li triplet and 15N quintet. Complexation in the presence of 
trialkylamines depended on the structure of the amine. Triethylamine failed to convert 10 to 12 
even at 5.0 M triethylamine (Et3N). The less sterically demanding N,N-dimethylethylamine 
(DMEA), by contrast, readily afforded amine solvate 12 at >0.30 M DMEA. Elevated 
concentrations of DMEA converted 12 to LiHMDS monomer 14 and free ketone 1, as shown 
with IR and NMR spectroscopies. Of importance to the rate studies was that complex 12 
persisted as the dominant form of the ketone at elevated LiHMDS concentrations. Notably, 
ketone 1 was more easily dissociated than less hindered ketones.8 
 On first inspection, the inclusion of toluene-solvated monomer 13 may seem unusual. 
However, previous studies of LiHMDS/trialkylamines showed substantial hydrocarbon cosolvent 
effects.11 Resolution precluded such investigations of DMEA/hydrocarbon mixtures. The results 
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of such toluene effects on the dimer-monomer equilibria (Figure 1.7).  
 
    
 
Figure 1.7. Simulated plot of LiHMDS aggregate concentrations— A2S2-AS2T-AS3—as a 
function of Et2NMe concentration in toluene highlighting the influence of toluene.11 
 
 Enolate Structures: DMEA. Enolization of 1 using 1.0 equiv of LiHMDS in 
DMEA/toluene afforded homoaggregated enolates as broad mounds, which suggested 
oligomerization (possibly laddering22). By contrast, enolization using ≥2.0 equiv of 
[6Li,15N]LiHMDS afforded lithium enolate–LiHMDS mixed aggregate8 E-15 along with traces 
of Z-15, consistent with the 65:1 E/Z selectivity observed with tosylation.6 The dimeric mixed 
aggregates displayed characteristic 6Li–15N coupling (3.6 Hz) and offered an independent 
measure of the E/Z selectivity. Treating the mixed dimers with THF afforded E,E-2, traces of 
E,Z-2, and free LiHMDS monomer. DFT computations were used to probe the solvation of 
LiHMDS–enolate mixed aggregates, and the E- and Z-enolate mixed dimers were shown to be 
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 Enolization Mechanism: Et3N. LiHMDS/Et3N-mediated enolizations are 
mechanistically simple and familiar from previous studies.8 The results of in situ IR spectroscopy 
showed that enolizations of 1 with LiHMDS in Et3N/toluene at 0 °C involved first-order decays 
of complex 10 (1671 cm–1). A kinetic isotope effect (kH/kD = 7) confirmed rate-limiting proton 
transfer. A plot of kobsd versus Et3N concentration (Figure 1.8) and free LiHMDS concentration 
(Figure 1.9) showed first and zeroth orders, respectively. Unsolvated complex 10 was observed 
spectroscopically. The rate law in eq 1.9 is consistent with the mechanism described by eqs 1.10 




Figure 1.8. Plot of kobsd vs Et3N concentration in toluene for the enolization of 1 (0.0050 M) with 
LiHMDS (0.10 M) at 0 °C measured with IR spectroscopy (1671 cm–1). The curve depicts an 
unweighted least-squares fit to y = axn [a = 0.53 ± 0.03, n = 1.00 ± 0.03]. Analogous linearity 
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Figure 1.9. Plot of kobsd vs LiHMDS concentration in 1.10 M Et3N/toluene for the enolization of 
1 (0.0025 M) at 0 ºC measured with IR spectroscopy (1671 cm–1). The curve depicts an 
unweighted least-squares fit to y = ax + b [a = 0.60 ± 0.02, b = 0.1 ± 0.1]. 
 
  d[10]/dt = k[10][Et3N]    (1.9) 
 
                            Keq[Et3N] 
  A2(ketone)  A2(ketone)(Et3N)  (1.10)  
                     10                                       12 
                k 
   A2(ketone)(Et3N)  [A2(Et3N)(ketone)]‡ (1.11) 
   12       17 
 
 DFT computations of the dimer-based metalation were an attempt to probe open dimer-
based transition structures (16) bearing 8-membered rings that allowed for optimal collinear 
proton transfer. In all cases, however, the computations converged on closed structures E-17 and 






















Enolization Mechanism: DMEA. Rate studies using DMEA were significantly more 
challenging owing to condition-dependent solution structures, as shown in Scheme 1.2. The 
enolizations of 1 with LiHMDS in 0.60 M DMEA/toluene at –40 °C—conditions favoring 
solvated complex 12—showed first-order decays of 12 (1671 cm–1), and the measured isotope 
effect (kH/kD = 8) confirmed rate-limiting proton transfer. Plotting kobsd versus DMEA 
concentration (Figure 1.10) was complex, but the results were consistent with the observed 
structural changes: a first-order dependence at the low-DMEA-concentration limit akin to that 
observed for Et3N abruptly gave way to inhibition owing to facile decomplexation (vide infra). 
Swapping toluene with hexane as the cosolvent (see Figure 1.10, inset) revealed an analogous 
result but with the maximum shifted to higher DMEA concentrations consistent with the relative 
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Figure 1.10. Plot of kobsd vs DMEA concentration with toluene cosolvent for the enolization of 1 
(0.0050 M) with LiHMDS (0.10 M) at –40 °C measured with IR spectroscopy (1687 cm-1). The 
inset shows analogous data for hexane cosolvent. The curves depict unweighted least-squares fits 
to eq 1.13, which is described fully in the supporting information. Notably, the function 
describing the dependence of complex 12 in eq 1.13 changes with the choice of cosolvent. 
 
 A plot of kobsd versus LiHMDS concentration (Figure 1.11) at 0.60 M DMEA revealed a 
zeroth-order dependence consistent with the direct reaction of complex 12. Thus, the rate law at 
low DMEA concentration was consistent with that of a monosolvated-dimer-based enolization as 
observed for Et3N (eq 1.9). A plot of kobsd versus LiHMDS concentration in neat DMEA, 
conditions in which uncomplexed ketone dominated at low LiHMDS concentration and became 
complexed as dimer 12 at high LiHMDS concentration, showed second-order saturation (Figure 
1.12). This result, in conjunction with the high E/Z selectivities determined with NMR 
spectroscopy and high-performance liquid chromatography analysis under these conditions, 
confirmed that monomer 14 reaggregated to complex 12 before reacting. The rate law and 
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Figure 1.11. Plot of kobsd vs LiHMDS concentration in 0.60 M DMEA/toluene for the 
enolization of 1 (0.0025 M) at –40 ºC measured with IR spectroscopy (1671 cm–1). The curve 




Figure 1.12. Plot of kobsd vs LiHMDS concentration in neat DMEA (9.2 M) for the enolization of 
1 (0.0050 M) at –40 °C measured with IR spectroscopy (1687 cm-1). The curve depicts an 
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 Mathematical Model. The rate of enolization is described by eq 1.13. The challenges of 
solving for the concentration of 12 were acute because this value is a function of the 
concentrations of four components (eq 1.14). The overall equation that describes the 
concentration of 12 is cumbersome (huge) and relegated to the supporting information. In brief, 
the model accounts for the complex curvatures shown in Figure 1.10. The flattening at high 
DMEA concentrations is not only demanded by the rate data but also by the known toluene 
dependence illustrated in Figure 1.7. The second-order saturation behavior in Figure 1.12 is also 
not unassailable from inspection but is required by the observable LiHMDS-concentration-
dependent reaggregation of monomer 14 to form complexed LiHMDS dimer 12 at the saturation 
plateau. Finally, the model includes provisions for the simple dependencies in Figures 1.8, 1.9, 
and 1.11, which call for much simpler functions in the absence of knowledge of the shifting 
structures. 
  
  d[15]/dt = k'[12]      (1.13) 
 
  [12] = f([LiHMDS], [1]total, [DMEA], [toluene])  (1.14) 
 
                        k' 
  A2(DMEA)(1)  [A2(DMEA)(1)]‡    (1.15) 
              12       E-17 
 
Discussion  
 Tetrasubstituted alkene moieties as central motifs of GDC-0810 and a number of key 
anticancer agents pose particularly daunting synthetic challenges.1–4 The potentially general 
solution to the problem presented in Scheme 1.1 is notable, yet the mediocre stereoselectivity 
obtained using LiHMDS/THF for the enolization of 1 underscores a central challenge. LiHMDS 
in DMEA/toluene solves the problem of stereoselectivity. Reversing the roles of the Ar and Ph 
moieties offers the final puzzle piece—full stereocontrol.5 
 Structural and mechanistic studies of the enolizations are summarized in Scheme 1.1. 
Enolization with LiHMDS in neat THF affords an ensemble of E,E-2, E,Z-2, and Z,Z-2 dimeric 
  19 
enolates that reflect the 1:6 E/Z selectivity confirmed by the trapping with Ts2O described in a 
previous paper.5 Reduced THF concentrations reverse the selectivity, promoting a slight (2:1) 
preference for E-2. The results of rate studies reveal that the E selectivity stems from a dominant 
tetrasolvated-monomer-based pathway, whereas the Z selectivity arises from a pentasolvated-
monomer-based pathway. The different selectivities may originate from closed and open 
transition structures (respectively) or even contact- and solvent-separated ion pairs, but such 
highly solvated systems defy scrutiny with DFT methods. Attempts to compute transition 
structures with lower solvation numbers (18, n = 1–3) were not predictive and are relegated to 
the supporting information. Structures 18a and 18b are merely artists’ renditions. We also hasten 
to add that minor contributions from other solvates could easily go undetected, but the THF-
concentration-dependent change in selectivity stems primarily from a differential solvation of 
only one THF (see Figure 1.4).  
 































































  20 
 Previous studies showed that LiHMDS in trialkylamine/hydrocarbon mixtures enolize 
simple ketones (eq 1.1) with extraordinarily high selectivity via a dimer-based pathway 
suggested by MNDO computations to be 6.8 Indeed, the enolization of 1 with LiHMDS/DMEA 
or LiHMDS/Et3N afforded what may be an even more extraordinary 65:1 E/Z selectivity. The 
resulting enolates in poorly coordinating trialkylamines form mixed aggregates E-15 and Z-15 in 
proportions consistent with trapping experiments.5 Adding THF converted the mixed aggregates 




 The results of structural and mechanistic studies using Et3N show that ketone complex 11 
is not observably solvated to form 12. However, rate study findings clearly implicate 
monosolvated-dimer-based transition structure E-17 analogous to results with the less congested 
ketones.8 The developing mixed dimer motif in E-17—the developing transannular Li–O 
contact—was observed computationally to the exclusion of the 8-membered ring depicted in 6. 
We reinvestigated 6 with 3-pentanone using DFT and found that the transition structure 
converged on the closed motif E-19 analogous to E-17. In all cases, intrinsic reaction coordinate 
calculations in the reverse direction reveal a lengthening on the transannular Li–O contact 
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 This summary seems neat and tidy and almost simple, but the structural and mechanistic 
complexity should not be underestimated. Ketone complex 11 is readily converted to the 
corresponding solvate 12 at low concentrations of the relatively unhindered DMEA. Elevated 
DMEA concentrations, however, deaggregate 12 to form LiHMDS monomer with the 
concomitant liberation of free ketone. Moreover, LiHMDS deaggregation is remarkably sensitive 
to the choice of hydrocarbon cosolvent, as noted previously for LiHMDS/N,N-
diethylmethylamine. In DMEA/hexane, the sole observable monomer is trisolvate 14. Toluene, 
by contrast, stabilizes the monomer and promotes deaggregation and decomplexation owing to 
the intervention of disolvated monomer 13 stabilized by a molecule of toluene. Whether toluene 
is explicitly bound is unknowable, but the fit to an explicit solvate is excellent. 
 At this point, the data analysis becomes gruesome. Although parallel pathways from a 
common ground state are readily deconvoluted, we are just beginning to develop the numerical 
skills to model systems with multiple condition-dependent reactants.20 The fit in Figure 1.10, for 
example, is based on a complex equation crudely outlined in eqs 1.13–1.15 and described 
thoroughly in the supporting information. The slight upward curvature at high DMEA 
concentrations in Figure 1.10 stems from contributions by the toluene-solvated monomer. The 
model includes provisions for simple dependencies in the other figures as well.  
 We highlight a key observation about the role of aggregate-based reactivity for 
LiHMDS/DMEA. In neat DMEA, the dominant form of LiHMDS is trisolvated LiHMDS 
monomer 14 uncomplexed by ketone; however, highly E-selective enolization and saturation 
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dimer 12 (observable at the saturation plateau) and enolization via dimer-based transition 
structure E-17. The notion that a monomer would reaggregate to react seems blasphemous, but 




 The preceding analyses presented a particularly interesting problem in which a 
pharmaceutical need for an acutely challenging stereoselective enolization aligned with an 
academic interest in solvation and aggregation effects on enolizations. The application of 
LiHMDS/trialkylamine mixtures to enolizations have been largely (although not entirely) of 
academic interest until now. LiHMDS in trialkylamine-hydrocarbon mixtures is a highly 
efficacious, cost-effective base-solvent combination.  
 The notion that stereoselectivity stems from (at least) two discrete pathways is a truism 
with implications that can be overlooked. The idea that selectivity can be controlled by diverting 
a monomer-based enolization to a dimer-based pathway or by merely decreasing the solvation 
number by a single solvent is more nuanced. To this end, we emphasize that it is not only 
constructive to vary solvents during optimizations but also to vary solvent concentrations and 
even the hydrocarbon cosolvent.12a  
 
Experimental  
 Reagents and solvents. THF, toluene, hexane, and the trialkylamines were distilled from 
blue or purple solutions containing sodium benzophenone ketyl. LiHMDS, [6Li]LiHMDS, and 
[6Li,15N]LiHMDS were prepared as ligand- and LiCl-free recrystallized solids.9 Ketone 1 was 
prepared as described in a preceding paper.5 Air- and moisture-sensitive materials were 
manipulated under argon using standard glovebox, vacuum line, and syringe techniques.  
 2-Deutero-1-(4-fluorophenyl)-2-phenylbutan-1-one (1-d1). Following a literature 
procedure,24 we charged a small vial with 1.0 g of 1 in 2.5 mL MeOD under positive argon flow. 
  23 
To the vial was added 1.0 mL of 2.60 M NaOD/D2O. The solution was stirred for 30 min. The 
vial was opened, and 35% DCl was added until the solution was neutralized. Three extractions 
were performed with pentane, followed by solvent removal in vacuo. The oil was further purified 
via column chromatography (10% ether/pentane) to afford 0.86 grams 1-d1 (86% yield) as a 
clear, slightly yellow oil. The results of 1H NMR spectroscopy and gas chromatography-mass 
spectroscopy showed >99% 1–d1. 
 IR spectroscopic analyses. IR spectra were recorded using an in situ IR spectrometer 
fitted with a 30-bounce, silicon-tipped probe. The spectra were acquired in 16 scans at a gain of 
1 and a resolution of 4 cm–1. A representative reaction was carried out as follows: The IR probe 
was inserted through a nylon adapter and O-ring seal into an oven-dried, cylindrical flask fitted 
with a magnetic stir bar and a T-joint. The T-joint was capped with a septum for injections and a 
nitrogen line. After evacuation under full vacuum, heating, and flushing with nitrogen, the flask 
was charged with LiHMDS (84 mg, 0.50 mmol) in THF/hexane (4.9 mL total volume) and 
cooled to 0 °C with a stirred ice bath. After recording a background spectrum, we added ketone 1 
(0.050 mmol in 0.10 mL) with stirring. The carbonyl absorbance at 1687 cm–1 was monitored 
over the course of the reaction. 
 NMR spectroscopic analyses. All NMR samples for reaction monitoring and structure 
elucidation were prepared using stock solutions and sealed under partial vacuum. Standard 1H, 
6Li, 13C, and 15N NMR spectra were recorded at 500, 73.6, 126, and 36.1 MHz, respectively  
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I. NMR Spectroscopic Studies 
 



































































Figure A.1.1. 6Li spectra of 0.10 M [6Li,15N]LiHMDS with varying amounts of ketone in neat 
THF at –80 °C after aging at rt for 1 h: a) No ketone, 0.10 M LiHMDS in 6.0 M THF/hex; b) 
0.020 M ketone; c) 0.050 M ketone; d) 0.10 M ketone. This figure shows the independence of 



























Figure A.1.2. 6Li spectra of 0.10 M [6Li,15N]LiHMDS and 0.10 M ketone with varying amounts 
of THF in hexane cosolvent at –80 °C after aging at rt for 48 h: a) 3.0 M THF/hex; b) 4.5 M 
THF/hex; c) 6.0 M THF/hex; d) neat THF. This figure shows the dependence of E/Z selectivity 





















Figure A.1.3. Job plot showing the relative integration of the 6Li resonances versus the measured 
mole fraction (XE) of E-enolate for 0.10 M mixtures of E-enolate and Z-enolate at –80 °C at 
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Table A.1.2. 6Li and 15N NMR chemical shifts for different species in 0.60 M 
DMEA/toluene at –100 °C. Note that species without chemical shifts 





6Li δ (ppm)  
at –100 °C 
15N δ (ppm)  
at –100 °C 
A2S2 0.64 40.00 
AS2T/AS3 0.36 46.10 
A2S(ketone) 0.85, 1.24 39.90 
A2(ketone)2 1.43 40.44 
AES2 0.64 41.88 



























































Figure A.1.4. 6Li spectra of 0.10 M [6Li,15N]LiHMDS with varying amounts of ketone in 0.60 
M DMEA/tol at –80 °C after aging at rt for 1 h: a) No ketone; b) 0.020 M ketone; c) 0.050 M 



















Figure A.1.5. 6Li spectra of 0.10 M [6Li,15N]LiHMDS and 0.050 M ketone with varying 
amounts of DMEA in toluene cosolvent at –80 °C after aging at rt for 1 h: a) 0.60 M DMEA/tol; 















Figure A.1.6. Unaged 6Li spectra of 0.10 M [6Li,15N]LiHMDS with varying amounts of ketone 





















Figure A.1.7. Unaged 15N spectra of 0.10 M [6Li,15N]LiHMDS with varying amounts of ketone 


















Figure A.1.8. 15N-decoupled unaged 6Li spectra of 0.10 M [6Li,15N]LiHMDS with 0.050 M 
ketone in 0.60 M DMEA/tol at –100 °C: a) fully coupled; b) selective decoupling of 15N 
resonance corresponding to LiHMDS monomer at 46.10 ppm; c) selective decoupling of 15N 

















Figure A.1.9. 6Li-decoupled unaged 15N spectra of 0.10 M [6Li,15N]LiHMDS with 0.10 M 
ketone in 0.60 M DMEA/tol at –100 °C: a) fully coupled; b) selective decoupling of 6Li 
resonance corresponding to LiHMDS monomer at 0.36 ppm; c) selective decoupling of the 
upfield 6Li resonance at 0.85 ppm; d) selective decoupling of the downfield 6Li resonance at 1.24 


















Figure A.1.10. 15N-decoupled unaged 6Li spectra of 0.10 M [6Li,15N]LiHMDS with 0.050 M 
ketone in 0.60 M DMEA/tol at –100 °C: a) fully coupled; b) selective decoupling of 15N 
resonance at 39.90 ppm; c) broadband decoupled. Note that the downfield triplet in spectrum b is 
independent of the two upfield triplets. The loss of coupling is due to the closeness of the 15N 
resonances corresponding to the mono- and di-ketone-solvated LiHMDS dimers (39.90 and 
















Figure A.1.11. 6Li-decoupled unaged 15N spectra of 0.10 M [6Li,15N]LiHMDS with 0.10 M 
ketone in 0.60 M DMEA/tol at –100 °C: a) fully coupled; b) selective decoupling of 6Li 
resonance at 0.85 ppm; c) broadband decoupled. Note that the downfield quintet in spectrum b is 
independent of the upfield quintet. The loss of coupling is due to the closeness of the 6Li 
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II. IR Rate Studies 
 
 
Figure A.1.12. Plot of initial rate vs. THF concentration in toluene for the enolization of 1  
(0.010 M) by LiHMDS (0.10 M) at 0 °C measured with IR spectroscopy (1687 cm–1). The curve 




[THF] (M) Initial rate
1
 × 104 
(M s–1) 
Initial rate 2 × 104 
(M s–1) 
Initial Rateavg × 104 
(M s–1) 
2.0 1.131 1.249 1.19 ± 0.08 
4.0 2.695 2.619 2.66 ± 0.05 
6.0 9.462 10.235 9.8 ± 0.5 
8.0 21.319 21.678 21.5 ± 0.3 
10.0 35.616 30.168 33 ± 4 
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Figure A.1.13. Plot of initial rate vs. THF concentration in toluene for the enolization of 1 
(0.010 M) by LiHMDS (0.10 M) at 0 °C measured with IR spectroscopy (1687 cm–1). The curve 
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Figure A.1.14. Plot of initial rate vs. LiHMDS concentration in 2.0 M THF/hexane for the 
enolization of 1 (0.010 M) at 0 ºC measured with IR spectroscopy (1687 cm–1). The curve 
depicts an unweighted least-squares fit to y = axn [a = 4.4 ± 0.2, n = 0.58 ± 0.02]. 
 
 
[LiHMDS] (M) Initial rate
1
 × 104 
(M s–1) 
Initial rate 2 × 104 
(M s–1) 
Initial Rateavg × 104 
(M s–1) 
0.020 0.385 0.484 0.43 ± 0.07 
0.050 0.748 0.843 0.80 ± 0.07 
0.080 1.044 0.963 1.00 ± 0.06 
0.110 1.227 1.113 1.17± 0.08 
0.140 1.439 1.472 1.46 ± 0.02 
0.170 1.589 1.499 1.54 ± 0.06 
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Figure A.1.15. Plot of initial rate vs. LiHMDS concentration in neat THF (12.2M) for the 
enolization of 1 (0.010 M) at 0 ºC measured with IR spectroscopy (1687 cm–1). The curve 
depicts an unweighted least-squares fit to y = axn [a = 6.3 ± 0.5, n = 1.01 ± 0.04]. 
 
 
[LiHMDS] (M) Initial rate
1
 × 102 
(M s–1) 
Initial rate 2 × 102 
(M s–1) 
Initial Rateavg × 102 
(M s–1) 
0.020 0.121 0.0397 0.080 ± 0.06 
0.050 0.326 0.321 0.323 ± 0.004 
0.080 0.526 0.486 0.51 ± 0.03 
0.110 0.740 0.679 0.71 ± 0.04 
0.140 0.844 0.876 0.86 ± 0.02 
0.170 1.079 0.988 1.03 ± 0.06 
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Figure A.1.16. Plot of kobsd vs. LiHMDS concentration in 1.10 M Et3N/toluene for the 
enolization of 1 (0.0025 M) at 0 ºC measured with IR spectroscopy (1671 cm–1). The curve 
depicts an unweighted least-squares fit to y = ax + b [a = 0.60 ± 0.02, b = 0.1 ± 0.1]. 
 
 
[LiHMDS] (M) kobsd1 × 102 (s–1) kobsd2 × 102 (s–1) kobsdavg × 102 (s–1) 
0.025 0.581 0.602 0.59 ± 0.01 
0.100 0.614 0.656 0.64 ± 0.03 
0.175 0.622 0.606 0.61 ± 0.01 
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Figure A.1.17. Plot of kobsd vs. Et3N concentration in toluene for the enolization of 1 (0.0050 M) 
with LiHMDS (0.10 M) at 0 °C measured with IR spectroscopy (1671 cm–1). The curve depicts 
an unweighted least-squares fit to y = axn [a = 0.53 ± 0.03, n = 1.00 ± 0.03]. 
 
 
[Et3N] (M) kobsd1 × 102 (s–1) kobsd2 × 102 (s–1) kobsdavg × 102 (s–1) 
0.30 0.215 0.175 0.20 ± 0.03 
0.60 0.366 0.289 0.33 ± 0.05 
1.10 0.645 0.582 0.61 ± 0.04 
3.10 1.675 1.543 1.61 ± 0.09 
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Figure A.1.18. Plot of kobsd vs. LiHMDS concentration in 1.10 M Et3N/hexane for the 
enolization of 1 (0.0025 M) at 0 ºC measured with IR spectroscopy (1671 cm–1). The curve 
depicts an unweighted least-squares fit to y = ax + b [a = 0.734 ± 0.003, b = –0.02 ± 0.02]. 
 
 
[LiHMDS] (M) kobsd1 × 102 (s–1) kobsd2 × 102 (s–1) kobsdavg × 102 (s–1) 
0.025 0.735 0.736 0.7354 ± 0.0006 
0.100 0.727 0.731 0.729 ± 0.003 
0.175 0.740 0.725 0.73 ± 0.01 


















  49 
 
 
Figure A.1.19. Plot of kobsd vs. Et3N concentration in hexane for the enolization of 1 (0.0050 M) 
with LiHMDS (0.10 M) at 0 °C measured with IR spectroscopy (1671 cm–1). The curve depicts 
an unweighted least-squares fit to y = axn [a = 0.69 ± 0.01, n = 1.02 ± 0.01]. 
 
 
[Et3N] (M) kobsd1 × 102 (s–1) kobsd2 × 102 (s–1) kobsdavg × 102 (s–1) 
0.60 0.391 0.414 0.40 ± 0.02 
1.10 0.743 0.785 0.76 ± 0.03 
2.60 1.904 1.752 1.8 ± 0.1 
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Figure A.1.20. Plot of kobsd vs. DMEA concentration with toluene cosolvent for the enolization 
of 1 (0.0050 M) by LiHMDS (0.10 M) at –40 °C measured with IR spectroscopy (1671 cm-1). 
The curve is fit to the function described in the “Derivations” section of this appendix on page 
59. [a0 = 0.1, k0 = 0.005, k1 = 20, k2 = 0.00005, kg1 = 0.2, kg2 = 0.044, kg3 = 0.0581, kk = 158]. 
 
 
[DMEA] (M) kobsd1 × 103 (s–1) kobsd2 × 103 (s–1) kobsdavg × 103 (s–1) 
0.15 0.519 0.484 0.50 ± 0.02 
0.30 0.768 0.686 0.73 ± 0.06 
0.60 0.728 0.783 0.76 ± 0.04 
1.10 0.711 0.739 0.73 ± 0.02 
2.10 0.692 0.633 0.66 ± 0.04 
3.10 0.522 0.569 0.55 ± 0.03 
5.10 0.452 0.397 0.42 ± 0.04 
7.10 0.446 0.355 0.40 ± 0.06 
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Figure A.1.21. Plot of kobsd vs. LiHMDS concentration in 0.60 M DMEA/toluene for the 
enolization of 1 (0.0025 M) at –40 ºC measured with IR spectroscopy (1671 cm–1). The curve 
depicts an unweighted least-squares fit to y = ax + b [a = 0.64 ± 0.02, b = 0.2 ± 0.1]. 
 
 
[LiHMDS] (M) kobsd1 × 103 (s–1) kobsd2 × 103 (s–1) kobsdavg × 103 (s–1) 
0.025 0.688 0.613 0.65 ± 0.05 
0.100 0.603 0.639 0.62 ± 0.03 
0.175 0.643 0.663 0.65 ± 0.01 























  52 
 
 
Figure A.1.22. Plot of kobsd vs. LiHMDS concentration in neat DMEA (9.2 M) for the 
enolization of 1 (0.0050 M) at –40 °C measured with IR spectroscopy (1687 cm-1). The curve is 
fit to the function described in the “Derivations” section of this appendix on page 59. [a0 = 0.1, 
k0 = 0.005, k1 = 20, k2 = 0.00008, kg1 = 0.2, kg2 = 0.044, kg3 = 0.0581, kk = 405 ± 6) 
 
 
[DMEA] (M) kobsd1 × 103 (s–1) kobsd2 × 103 (s–1) kobsdavg × 103 (s–1) 
0.050 0.358 0.415 0.39 ± 0.04 
0.125 0.978 1.232 1.1 ± 0.2 
0.225 1.562 1.615 1.59 ± 0.04 
0.300 1.721 1.692 1.71 ± 0.02 
0.400 1.878 1.947 1.91 ± 0.05 
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Figure A.1.23. Plot of kobsd vs. DMEA concentration with hexane cosolvent for the enolization 
of 1 (0.0050 M) by LiHMDS (0.10 M) at –40 °C measured with IR spectroscopy (1671 cm-1). 
The curve is fit to the function described in the “Derivations” section of this appendix on page 
56. [a0 = 0.1, k0 = 0.005, k1 = 20, k2 = 0.00005, kg1 = 0.2, kg2 = 0.044, kg3 = 0.0581, kk = 158]. 
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Figure A.1.24. Plot of kobsd vs. LiHMDS concentration in 0.60 M DMEA/hexane for the 
enolization of 1 (0.0025 M) at –40 ºC measured with IR spectroscopy (1671 cm–1). The curve 
depicts an unweighted least-squares fit to y = ax + b [a = 0.74 ± 0.02, b = 0.12 ± 0.02]. 
 
 
[LiHMDS] (M) kobsd1 × 103 (s–1) kobsd2 × 103 (s–1) kobsdavg × 103 (s–1) 
0.025 0.749 0.711 0.730 
0.100 0.724 0.761 0.742 
0.175 0.808 0.773 0.791 
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III. Derivations 
 
     D.A.1.1. LiHMDS-mediated enolization: THF 
  
To simplify the discussion of the mechanistic model, we introduce the following shorthand: A = 
a LiHMDS subunit, and S = THF. As shown below, A2S2 corresponds to disolvated LiHMDS 
dimer, and AS3 corresponds to trisolvated LiHMDS monomer. 
 
 
Given Keq = [AS3]2/{[A2S2][S]4}, and 2[A2S2] + [AS3] = [A]0, one can solve for [A2S2] as a 
function of [A]0 and [S]: 





           
Applying the quadratic equation to [A2S2] gives: 
 
     
  
 











A2S2[ ] S[ ]4
=
A[ ]0 − 2 A2S2[ ]( )
2
A2S2[ ] S[ ]4
4 A2S2[ ]2 − 4 A[ ]0 +Keq S[ ]
4( ) A2S2[ ]+ A[ ]02 = 0
A2S2[ ] =
4 A[ ]0 +Keq S[ ]






4 A[ ]0 +Keq S[ ]
4
− Keq S[ ]2 Keq S[ ]4 +8 A[ ]0
8
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     D.A.1.2. LiHMDS-mediated enolization: DMEA/hexane 
 
To reduce complexity of the mathematical description of this mechanism, one must separate the 
equilibria describing the free base from that describing the ketone-solvated base. Under pseudo-
first-order conditions, the total mass balance of the ketone-solvated base accounts for a small 
amount (5%) of the total base titer. By separating the mass balance equilibria, one can solve 
independently for the relevant species and then substitute them as needed.  
 
To simplify the discussion of the mechanistic model, we introduce the following shorthand: A = 
a LiHMDS subunit, and S = R3N. As shown below, A2 corresponds to unsolvated LiHMDS 




Given KG1 = [A2S2]/{[A2][S]2}, KG2 = [AS3]2/{[ A2S2][S]4}, and 2[A2] + 2[A2S2] + [AS3] = [A]0, 
one can solve for [A2S2] as a function of [A]0 and [S]: 
 
 
A[ ]0 = 2 A2[ ]+ 2 A2S2[ ]+ AS2T[ ]+ AS3[ ]
= 2 A2S2[ ]
KG1 S[ ]2
+ 2 A2S2[ ]+ KG2 A2S2[ ] S[ ]2 T[ ]2 + KG2KG3 A2S2[ ] S[ ]4
 



















This can be solved for [A2S2] to provide: 
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A2S2[ ] =
−4 A[ ]0 −
4 A[ ]0
KG1 S[ ]2














⎟+ 4 A[ ]0 +
4 A[ ]0
KG1 S[ ]2
























We now turn to the set of equilibria and mass balance equations that describe the ketone-solvated 
base. We introduce the following shorthand: A = a LiHMDS subunit, S = R3N, and K = ketone. 
As shown below, A2K corresponds to ketone-complexed LiHMDS dimer, A2KS corresponds to 




Given K1 = [A2KS]/{[A2K][S]}, K2 = {[A2S2][K]}/{[ A2KS][S]}, and [A2K] + [A2KS] + [K] = 
[K]0, one can solve for [A2KS] as a function of [K]0, [A2S2], and [S]: 
 
 
Substituting [A2S2] into the equation for [A2SK] gives: 
 
A2KS[ ] = (k0 k1 kg1 s (kg1 kg2 s^6 + 4 a0 (1 + kg1 s^2) - 
Sqrt[kg1] Sqrt[kg2] s^3 Sqrt[8 a0 + 8 a0 kg1 s^2 + kg1 kg2 s^6]))/(
kg1 (kg1 kg2 s^6 + 4 a0 (1 + kg1 s^2) - 
Sqrt[kg1] Sqrt[kg2] s^3 Sqrt[8 a0 + 8 a0 kg1 s^2 + kg1 kg2 s^6]) +
k1 (8 k2 (1 + kg1 s^2)^2 + 
kg1 s (4 a0 + 4 a0 kg1 s^2 + kg1 kg2 s^6 - 
Sqrt[kg1] Sqrt[kg2] s^3 Sqrt[8 a0 + 


























K1K2 A2S2[ ] K[ ]0 S[ ]
A2S2[ ]+K1 A2S2[ ] S[ ]+K1K2 S[ ]2
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The form of the rate law is as follows: 
 
d P[ ]
dt = k A2KS[ ]
 
The fitting function to describe the enolization with LiHMDS in DMEA/hexane is found by 
inserting [A2SK] into the rate law: 
 
d P[ ]
dt = k(k0 k1 kg1 s (kg1 kg2 s^6 + 4 a0 (1 + kg1 s^2) - 
Sqrt[kg1] Sqrt[kg2] s^3 Sqrt[8 a0 + 8 a0 kg1 s^2 + kg1 kg2 s^6]))/(
kg1 (kg1 kg2 s^6 + 4 a0 (1 + kg1 s^2) - 
Sqrt[kg1] Sqrt[kg2] s^3 Sqrt[8 a0 + 8 a0 kg1 s^2 + kg1 kg2 s^6]) +
k1 (8 k2 (1 + kg1 s^2)^2 + 
kg1 s (4 a0 + 4 a0 kg1 s^2 + kg1 kg2 s^6 - 
Sqrt[kg1] Sqrt[kg2] s^3 Sqrt[8 a0 + 
8 a0 kg1 s^2 + kg1 kg2 s^6])))
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     D.A.1.3. LiHMDS-mediated enolization: DMEA/toluene 
 
To reduce complexity of the mathematical description of this mechanism, one must separate the 
equilibria describing the free base from that describing the ketone-solvated base. Under pseudo-
first-order conditions, the total mass balance of the ketone-solvated base accounts for a small 
amount (5%) of the total base titer. By separating the mass balance equilibria, one can solve 
independently for the relevant species and then substitute them as needed.   
 
To simplify the discussion of the mechanistic model, we introduce the following shorthand: A = 
a LiHMDS subunit, S = R3N, and T = toluene. As shown below, A2 corresponds to unsolvated 
LiHMDS dimer, A2S2 corresponds to disolvated LiHMDS dimer, AS2T corresponds to 






Given KG1 = [A2S2]2/{[A2][S]}, KG2 = [AS3]2/{[ A2S2][S]4}, KG3 = [AS2T]2[S]2/ 
{[ AS3][T]2}, and 2[A2] + 2[A2S2] + [AS2T] + [AS3] = [A]0, one can solve for [A2S2] as a 
function of [A]0 and [S]: 
 
2
















6 R3N 2 toluene
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A[ ]0 = 2 A2[ ]+ 2 A2S2[ ]+ AS3[ ]+ AS2T[ ]
= 2 A2S2[ ]
KG1 S[ ]2
+ 2 A2S2[ ]+ KG2 A2S2[ ] S[ ]4 + KG2KG3 A2S2[ ] S[ ]2 T[ ]2
 
 
Rearranging to eliminate the square root affords a quadratic expression: 
 
























This can be solved for [A2S2] to provide: 
 
A2S2[ ] =



































































We now turn to the set of equilibria and mass balance equations that describe the ketone-solvated 
base. We introduce the following shorthand: A = a LiHMDS subunit, S = R3N, and K = ketone. 
As shown below, A2K corresponds to ketone-complexed LiHMDS dimer, A2KS corresponds to 




Given K1 = [A2KS]/{[A2K][S]}, K2 = {[A2S2][K]}/{[ A2KS][S]}, and [A2K] + [A2KS] + [K] = 



























K1K2 A2S2[ ] K[ ]0 S[ ]
A2S2[ ]+K1 A2S2[ ] S[ ]+K1K2 S[ ]2
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Substituting [A2S2] into the equation for [A2SK] gives: 
 
A2KS[ ] = (k0 k1 s (4 a0 (1 + 1/(kg1 s^2)) + kg2 s^4 + kg2 Sqrt[kg3] s^3 t + 
kg2 kg3 s^2 t^2 - Sqrt[-16 a0^2 (1 + 1/(kg1 s^2))^2 + (-4 a0 (1 + 1/(kg1 s^2)) - 
kg2 s^4 - kg2 Sqrt[kg3] s^3 t - kg2 kg3 s^2 t^2)^2]))/(8 (1 + 
1/(kg1 s^2))^2 (k1 k2 s^2 + (4 a0 (1 + 1/(kg1 s^2)) + kg2 s^4 + kg2 Sqrt[kg3] s^3 t + 
kg2 kg3 s^2 t^2 - Sqrt[-16 a0^2 (1 + 1/(kg1 s^2))^2 + (-4 a0 (1 + 1/(kg1 s^2)) - 
kg2 s^4 - kg2 Sqrt[kg3] s^3 t - kg2 kg3 s^2 t^2)^2])/(8 (1 + 1/(kg1 s^2))^2) + 
(1/(8 (1 + 1/(kg1 s^2))^2))k1 s (4 a0 (1 + 1/(kg1 s^2)) + kg2 s^4 + 
kg2 Sqrt[kg3] s^3 t + kg2 kg3 s^2 t^2 - Sqrt[-16 a0^2 (1 + 1/(kg1 s^2))^2 + 
(-4 a0 (1 + 1/(kg1 s^2)) -kg2 s^4 - kg2 Sqrt[kg3] s^3 t - kg2 kg3 s^2 t^2)^2])))
 
The form of the rate law is as follows: 
 
d P[ ]
dt = k A2KS[ ]
 
The fitting function to describe the enolization with LiHMDS in DMEA/toluene is found by 
inserting [A2SK] into the rate law: 
 
d P[ ]
dt = k(k0 k1 s (4 a0 (1 + 1/(kg1 s^2)) + kg2 s^4 + kg2 Sqrt[kg3] s^3 t + 
kg2 kg3 s^2 t^2 - Sqrt[-16 a0^2 (1 + 1/(kg1 s^2))^2 + (-4 a0 (1 + 1/(kg1 s^2)) - 
kg2 s^4 - kg2 Sqrt[kg3] s^3 t - kg2 kg3 s^2 t^2)^2]))/(8 (1 + 
1/(kg1 s^2))^2 (k1 k2 s^2 + (4 a0 (1 + 1/(kg1 s^2)) + kg2 s^4 + kg2 Sqrt[kg3] s^3 t + 
kg2 kg3 s^2 t^2 - Sqrt[-16 a0^2 (1 + 1/(kg1 s^2))^2 + (-4 a0 (1 + 1/(kg1 s^2)) - 
kg2 s^4 - kg2 Sqrt[kg3] s^3 t - kg2 kg3 s^2 t^2)^2])/(8 (1 + 1/(kg1 s^2))^2) + 
(1/(8 (1 + 1/(kg1 s^2))^2))k1 s (4 a0 (1 + 1/(kg1 s^2)) + kg2 s^4 + 
kg2 Sqrt[kg3] s^3 t + kg2 kg3 s^2 t^2 - Sqrt[-16 a0^2 (1 + 1/(kg1 s^2))^2 + 
(-4 a0 (1 + 1/(kg1 s^2)) -kg2 s^4 - kg2 Sqrt[kg3] s^3 t - kg2 kg3 s^2 t^2)^2])))
 
A more convenient form of the equation is found instead by writing the [T] as a function of [S] 
by replacing [T] with (9.41/9.23*(9.23–[S])): 
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d P[ ]
dt = k(k0 k1 s (4 a0 (1 + 1/(kg1 s^2)) + 0.962109 kg2 kg3 (9.41 - s)^2 s^2 + 
0.980871 kg2 Sqrt[kg3] (9.41 - s) s^3 + kg2 s^4 - Sqrt[-16 a0^2 (1 + 1/(kg1 s^2))^2 + 
(-4 a0 (1 + 1/(kg1 s^2)) - 0.962109 kg2 kg3 (9.41 - s)^2 s^2 - 
0.980871 kg2 Sqrt[kg3] (9.41 - s) s^3 - kg2 s^4)^2]))/(8 (1 + 1/(kg1 s^2))^2 (k1 k2 s^2 + 
1/(8 (1 + 1/(kg1 s^2))^2) (4 a0 (1 + 1/(kg1 s^2)) + 
0.962109 kg2 kg3 (9.41 - s)^2 s^2 + 0.980871 kg2 Sqrt[kg3] (9.41 - s) s^3 + kg2 s^4 - 
Sqrt[-16 a0^2 (1 + 1/(kg1 s^2))^2 + (-4 a0 (1 + 1/(kg1 s^2)) - 0.962109 kg2 kg3 (9.41 - s)^2 s^2 - 
0.980871 kg2 Sqrt[kg3] (9.41 - s) s^3 - kg2 s^4)^2]) + 1/(8 (1 + 1/(kg1 s^2))^2)k1 s (4 a0 (1 + 
1/(kg1 s^2)) + 0.962109 kg2 kg3 (9.41 - s)^2 s^2 + 0.980871 kg2 Sqrt[kg3] (9.41 - s) s^3 + 
kg2 s^4 - Sqrt[-16 a0^2 (1 + 1/(kg1 s^2))^2 + (-4 a0 (1 + 1/(kg1 s^2)) - 
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Table A.1.3. Optimized geometries at the B3LYP level of theory with 6-31G(d) basis set for 
relevant ground states of LiHMDS/THF-mediated enolizations at 0 °C with free energies 
(Hartrees), corrected MP2 energies (kcal), and cartesian coordinates (X, Y, Z). (Note: GMP2 




          
Ketone (1) 
          G = –793.561848 





            
Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
C   -0.69956000  1.29593800  0.40874200 
C   -1.06472200  1.52005500  1.74452100 
C   -1.72657700  2.69092200  2.11420200 
C   -2.03519200  3.65875100  1.15593600 
C   -1.67809600  3.44610200 -0.17599600 
C   -1.01414800  2.27437100 -0.54366100 
H   -0.74545500  2.11317900 -1.58580100 
H   -1.91583700  4.19085100 -0.93115700 
H   -2.54967600  4.57107100  1.44537900 
H   -1.99910000  2.84842200  3.15450200 
H   -0.82157100  0.77454000  2.49679400 
C    1.21371200 -0.24404000  0.91447900 
C    2.51082100  0.45346900  0.63821000 
C    2.67582400  1.41788500 -0.36888500 
C    3.90984300  2.03039800 -0.57554600 
C    4.98000900  1.66321000  0.23285900 
C    4.85451100  0.71217900  1.24246800 
C    3.61545700  0.11574100  1.43997800 
H    3.47467700 -0.62614700  2.21877900 
H    5.71692600  0.45822700  1.85002500 
F    6.17620400  2.24786100  0.03386400 
H    4.05224500  2.78203600 -1.34475800 
H    1.83743800  1.71657700 -0.98790100 
O    1.11562300 -0.99808300  1.87334500 
C   -0.94612900 -1.22274700  0.03147200 
C   -2.10407200 -1.12315700 -0.96483000 
H   -2.74018100 -0.25574800 -0.75917600 
H   -1.73996000 -1.03255500 -1.99636700 
H   -2.73267800 -2.01920400 -0.91470300 
H   -0.35224600 -2.12084300 -0.17913300 
H   -1.32853300 -1.34712600  1.04950100 
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THF 
          G = –232.357946 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
H    0.36944100  0.05245400  1.03607400 
H    0.78366900  0.39304900 -0.65835500 
C   -0.43145400 -1.42747100 -0.35907500 
H   -0.36819400 -1.58569300 -1.44243900 
H    0.17898100 -2.19202000  0.13156300 
C   -1.89873200 -1.42780000  0.09478400 
H   -2.50889400 -2.19240900 -0.39610500 
H   -1.96191900 -1.58645800  1.17808700 
C   -2.33082600 -0.00036200 -0.26378100 
H   -2.70107000  0.05220800 -1.29954200 
H   -3.11413200  0.39228800  0.39526100 




           
EE 
          G = –1601.154102 





Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
C    0.93246200 -1.19198700  0.13901900 
C    2.38807600 -0.91363300  0.23310500 
C    3.17334200 -1.43586700  1.27908300 
C    4.53466300 -1.15162300  1.37608700 
C    5.15169600 -0.32176000  0.43782300 
C    4.38908000  0.21819300 -0.59960300 
C    3.02913100 -0.07306200 -0.69850000 
H    2.45650600  0.34294300 -1.52418500 
H    4.85538200  0.86438100 -1.33945900 
H    6.21141800 -0.09433800  0.51704500 
H    5.11268900 -1.57022900  2.19638700 
H    2.70051400 -2.06682700  2.02583600 
C    0.37074200 -2.43470100  0.25018500 
C    1.12853500 -3.72445600  0.25670700 
C    2.17424700 -3.98834100 -0.64312700 
C    2.80972900 -5.22869100 -0.66748500 
C    2.39280100 -6.21458100  0.21989400 
C    1.35975800 -5.99722600  1.12425500 
C    0.72981200 -4.75267400  1.12910300 
H   -0.06971900 -4.56056200  1.84011000 
H    1.06907700 -6.78823000  1.80835300 
F    3.00558800 -7.41813200  0.20093100 
H    3.61338800 -5.44127100 -1.36509700 
H    2.48924800 -3.21420000 -1.33454500 
O   -0.95361500 -2.58992900  0.31697100 
Li  -2.31292200 -1.39219300  0.54911500 
O   -3.64727200 -2.55923100  0.22001300 
C   -4.97157300 -2.71422900  0.28909900 
C   -5.53326100 -3.95677700  0.40198000 
C   -6.98910000 -4.23497500  0.31039000 
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C   -8.98901700 -5.36557700  1.14733300 
C   -9.75312300 -4.82653300  0.11051500 
C   -9.13738500 -3.99774100 -0.82952800 
C   -7.77585100 -3.71365600 -0.73489900 
H   -7.30405500 -3.08352700 -1.48300700 
H   -9.71659200 -3.57985100 -1.64936000 
H   -10.8130080 -5.05383700  0.03316100 
H   -9.45432600 -6.01091900  1.88855100 
H   -7.05503200 -5.48975300  2.06905600 
C   -4.60081300 -5.14886000  0.54025700 
C   -4.04240600 -5.66397200 -0.80557200 
H   -4.85842300 -6.03003700 -1.43709800 
H   -3.55510400 -4.87036000 -1.39345700 
H   -3.33040900 -6.48898500 -0.66726900 
H   -3.77331800 -4.89834200  1.22700400 
H   -5.12448600 -5.98391100  1.01773000 
C   -5.72917200 -1.42436900  0.28282400 
C   -6.77371300 -1.15974700  1.18379200 
C   -7.40896600  0.08072900  1.20817300 
C   -6.99297300  1.06600100  0.31968300 
C   -5.96106300  0.84792100 -0.58580900 
C   -5.33133200 -0.39672800 -0.59068300 
H   -4.53264900 -0.58940200 -1.30248200 
H   -5.67107700  1.63847500 -1.27072400 
F   -7.60554200  2.26966200  0.33864300 
H   -8.21172500  0.29385100  1.90665600 
H   -7.08799500 -1.93338900  1.87609400 
Li  -2.28805300 -3.75703000 -0.01179800 
C   -0.56023200  0.51447500  1.34533900 
H   -1.04788600 -0.27948400  1.93247500 
H    0.25489800  0.88065800  1.97793800 
H   -1.27238600  1.33925800  1.20646600 
H    0.52415000  0.83537100 -0.47639100 





          
EE(THF)2 
          G = –2065.891771 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Li   0.00000000  0.00000000  0.00000000 
O    1.49717000  1.06038300  0.00711400 
C    2.82133100  0.98789400  0.16275300 
C    3.63268700  0.32649000 -0.72091200 
C    3.03587200 -0.25361600 -1.99103100 
C    2.75043900 -1.76547600 -1.91029500 
H    3.65930700 -2.32252800 -1.65536200 
H    1.99679100 -1.98047500 -1.14363800 
H    2.37774400 -2.14908400 -2.86914800 
H    2.10814000  0.27821300 -2.22839500 
H    3.72260200 -0.08187200 -2.83111000 
C    5.07344400  0.04885800 -0.47904900 
C    5.52080300 -0.53835600  0.72109600 
C    6.86842400 -0.82426700  0.93458200 
C    7.81414200 -0.54816900 -0.05503600 
C    7.39178000  0.01715500 -1.25989500 
C    6.04363800  0.30735100 -1.46788800 
H    5.73745000  0.75859100 -2.40842700 
H    8.11552400  0.23729200 -2.04129500 
H    8.86418000 -0.77709900  0.10726900 
H    7.17907000 -1.27691200  1.87338100 
H    4.79186200 -0.77424700  1.49109000 
C    3.32450600  1.75022700  1.35578900 
C    2.56162500  1.76576000  2.53725900 
C    2.95236200  2.50626800  3.65355900 
C    4.11748200  3.26030700  3.57744000 
C    4.89270700  3.29054300  2.42346300 
C    4.49000800  2.53610200  1.32125300 
H    5.09193100  2.55512500  0.41939900 
H    5.79365800  3.89558700  2.39812500 
F    4.50244900  3.98910000  4.64982100 
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H    1.64879800  1.17890900  2.57862200 
Li   0.26770600  2.44881900  0.00108000 
O   -1.22942300  1.38832700  0.00642800 
C   -2.55351800  1.46205300  0.16215100 
C   -3.36427700  2.12457000 -0.72121500 
C   -4.80481000  2.40332900 -0.47923800 
C   -5.77520500  2.14601600 -1.46818800 
C   -7.12310500  2.43724500 -1.26009300 
C   -7.54500800  3.00245600 -0.05501500 
C   -6.59907800  3.27738200  0.93471800 
C   -5.25168600  2.99043700  0.72113000 
H   -4.52256700  3.22539200  1.49124100 
H   -6.90935300  3.72991200  1.87369600 
H   -8.59486100  3.23218800  0.10736000 
H   -7.84703400  2.21801100 -2.04157500 
H   -5.46937600  1.69488500 -2.40889600 
C   -2.76702600  2.70459200 -1.99116600 
C   -2.48100800  4.21633900 -1.91026500 
H   -3.38968700  4.77372600 -1.65539700 
H   -1.72736300  4.43097100 -1.14350300 
H   -2.10805900  4.59986600 -2.86905100 
H   -1.83948400  2.17239800 -2.22843600 
H   -3.45369100  2.53320500 -2.83137800 
C   -3.05738300  0.69975400  1.35491100 
C   -4.22351100 -0.08515500  1.32004100 
C   -4.62693800 -0.83957200  2.42201000 
C   -3.85180400 -0.81028500  3.57606600 
C   -2.68606400 -0.05722700  3.65250500 
C   -2.29461400  0.68326200  2.53645000 
H   -1.38130300  1.26934100  2.57805900 
H   -2.10869900 -0.05345300  4.57199600 
F   -4.23747000 -1.53904800  4.64821600 
H   -5.52837700 -1.44387700  2.39640900 
H   -4.82535600 -0.10344000  0.41812100 
O    0.70573000  4.32313800  0.11010900 
C    1.80373400  4.85607800 -0.67844700 
H    1.38535100  5.28468500 -1.59724900 
H    2.46887900  4.02784200 -0.93810400 
C    2.46276100  5.91782000  0.20235900 
H    3.21757900  5.45685100  0.84853100 
H    2.94505100  6.70304700 -0.38707900 
C    1.27825800  6.42774100  1.03847600 
H    1.58498600  6.91164600  1.97010900 
H    0.67758100  7.14126600  0.46252300 
C    0.48868700  5.14277200  1.28785400 
H    0.86766200  4.60150200  2.16335900 
H   -0.58849600  5.29711500  1.39504700 
O   -0.43818000 -1.87445200  0.10837800 
C   -1.53713900 -2.40675800 -0.67931400 
H   -1.11960900 -2.83651900 -1.59796100 
H   -2.20145600 -1.57796900 -0.93934700 
C   -2.19697800 -3.46709800  0.20256500 
H   -2.95100000 -3.00480300  0.84871800 
H   -2.68040600 -4.25222300 -0.38607900 
C   -1.01268800 -3.97772500  1.03855300 
H   -1.31956600 -4.46062100  1.97066000 
H   -0.41303700 -4.69232400  0.46286200 
C   -0.22160600 -2.69345300  1.28667800 
H   -0.59969200 -2.15112100  2.16191500 





             
   
EE(THF)4 
          G = –2530.594829 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Li   0.00000000  0.00000000  0.00000000 
O   -1.53108300 -1.15644100  0.07719600 
C   -2.85589300 -1.09899400  0.06426400 










  68 
C   -2.87448800  0.57612700 -1.80189500 
C   -2.77349700  2.07294700 -1.45591900 
H   -3.76624300  2.50450600 -1.28414700 
H   -2.17601100  2.22192700 -0.54991000 
H   -2.29645100  2.63544800 -2.26894800 
H   -1.86824800  0.17818500 -1.95592400 
H   -3.39819000  0.48545200 -2.76492500 
C   -5.05066200 -0.05006400 -0.63203600 
C   -5.66767500  0.22577500  0.60545700 
C   -7.03960600  0.44962700  0.70631600 
C   -7.84580500  0.42684000 -0.43369100 
C   -7.25617900  0.17636900 -1.67410800 
C   -5.88422000 -0.05489000 -1.76959700 
H   -5.45097700 -0.26023800 -2.74531400 
H   -7.86769500  0.15583500 -2.57347600 
H   -8.91464100  0.60896200 -0.35764100 
H   -7.47883900  0.65676800  1.67955000 
H   -5.05235800  0.26401700  1.49963200 
C   -3.52302200 -2.07571000  0.99848500 
C   -3.00685600 -2.26591700  2.29036000 
C   -3.57573000 -3.17635800  3.18151000 
C   -4.66205500 -3.93236000  2.75826100 
C   -5.18951500 -3.79814600  1.47937600 
C   -4.61752200 -2.86875800  0.61082200 
H   -5.03470000 -2.74872000 -0.38332400 
H   -6.03402500 -4.41105300  1.18035000 
F   -5.21542700 -4.82593100  3.61052100 
H   -3.19338800 -3.30566000  4.18954500 
H   -2.14708800 -1.67994400  2.59790000 
Li  -0.27850900 -2.61292400  0.01844900 
O    1.23172600 -1.47762600 -0.12483800 
C    2.55292500 -1.49639900 -0.03822500 
C    3.38240500 -2.08581800 -0.96715100 
C    4.85563600 -2.20375100 -0.80891800 
C    5.72423100 -1.89551500 -1.87685600 
C    7.10722000 -2.03363900 -1.76058000 
C    7.67396800 -2.49132400 -0.56977100 
C    6.83381900 -2.81781700  0.49711800 
C    5.45191800 -2.68691700  0.37393100 
H    4.81298500 -2.96403600  1.20717100 
H    7.25585600 -3.19126000  1.42744400 
H    8.75137700 -2.60096000 -0.47773100 
H    7.74473000 -1.77896800 -2.60436300 
H    5.30733400 -1.53129200 -2.81262800 
C    2.79000600 -2.66884900 -2.24113600 
C    3.14646400 -4.14017700 -2.51500400 
H    4.22864600 -4.28342600 -2.60235700 
H    2.79094600 -4.78865500 -1.70641300 
H    2.68581400 -4.48518100 -3.44949200 
H    1.70315400 -2.56986800 -2.18521600 
H    3.10874700 -2.07676100 -3.11560900 
C    3.08378400 -0.76322500  1.16749500 
C    4.12280100  0.17930800  1.08992600 
C    4.55851500  0.87723800  2.21776800 
C    3.94764900  0.62279900  3.44001900 
C    2.90538300 -0.29019200  3.55973800 
C    2.47194400 -0.96238300  2.41667700 
H    1.64319400 -1.65996400  2.48257100 
H    2.45102600 -0.46061500  4.53116100 
F    4.37114400  1.28624600  4.54102100 
H    5.36235600  1.60449900  2.16087200 
H    4.60655000  0.35962000  0.13573000 
O    0.17419200 -4.13137000  1.34502300 
C   -0.00703500 -4.19940100  2.77656500 
H   -0.91474700 -4.77700900  2.98860100 
H   -0.15101500 -3.18248900  3.15380300 
C    1.24663900 -4.88335800  3.32757600 
H    2.03693800 -4.14604400  3.51117500 
H    1.05307800 -5.41632700  4.26339200 
C    1.64149300 -5.80826400  2.16660300 
H    2.69360400 -6.10692600  2.18860200 
H    1.02768700 -6.71698700  2.17609100 
C    1.30811300 -4.94481000  0.94938600 
H    2.13547200 -4.27994400  0.67744200 
H    1.01755900 -5.52145400  0.06699200 
O   -0.89453400 -3.84985600 -1.48608200 
C   -1.23083500 -3.21455400 -2.74183400 
H   -0.50560600 -3.53437200 -3.50215700 
H   -1.15240600 -2.13436000 -2.60015900 
C   -2.64676600 -3.68321900 -3.07611600 
H   -3.37859700 -3.04339100 -2.57128400 
H   -2.85208100 -3.66346100 -4.15082700 
C   -2.65960300 -5.09900400 -2.47977600 
H   -3.66637700 -5.47205200 -2.26950500 
H   -2.17007900 -5.80515400 -3.16114700 
C   -1.83257300 -4.91798800 -1.20408400 
H   -2.45856800 -4.61533100 -0.35785000 
H   -1.26416000 -5.81017400 -0.92436400 
O    0.59299700  1.21909900 -1.57454700 
C    0.87112900  0.57869200 -2.83822000 
H    0.06222000  0.81309700 -3.54493200 
H    0.89898800 -0.49643500 -2.65866300 
  69 
C    2.20256200  1.16426600 -3.29992200 
H    3.02908600  0.64868200 -2.79821300 
H    2.34747000  1.08440700 -4.38165200 
C    2.08568700  2.61537800 -2.80826000 
H    3.05273400  3.11177500 -2.68389600 
H    1.48965000  3.20867300 -3.51155100 
C    1.34287100  2.45074800 -1.47506000 
H    2.04125000  2.35810600 -0.63563700 
H    0.64679500  3.27011900 -1.26733700 
O   -0.23754000  1.38913700  1.49067500 
C   -1.40716400  1.29607600  2.33707100 
H   -1.31640700  0.40286700  2.96819700 
H   -2.28179400  1.18304800  1.69320200 
C   -1.39754800  2.56782300  3.18269800 
H   -1.84809700  3.40026400  2.62895700 
H   -1.94356100  2.44867600  4.12339500 
C    0.10889900  2.79974600  3.37476200 
H    0.36320000  3.83140900  3.63568400 
H    0.50034200  2.14412000  4.16123200 
C    0.67090000  2.38869200  2.01150900 
H    0.68556900  3.23742500  1.31643500 






      
 
           
EZ 
          G = –1601.159815 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
C   -1.09460600  1.01297500 -0.29121400 
C   -2.49690100  0.52439500 -0.26143700 
C   -2.98795300 -0.21061900  0.83581600 
C   -4.29289600 -0.70141400  0.85744200 
C   -5.14938700 -0.47321000 -0.22135900 
C   -4.68098500  0.24708000 -1.32203100 
C   -3.37360700  0.73041900 -1.34428800 
H   -3.01501300  1.27374300 -2.21345500 
H   -5.33243600  0.42351300 -2.17455800 
H   -6.16646600 -0.85582000 -0.20642200 
H   -4.64337200 -1.25816200  1.72327300 
H   -2.34242000 -0.38283900  1.69397900 
C   -0.71925000  2.28117800 -0.64660900 
C   -1.66328300  3.42599500 -0.83773200 
C   -2.70954900  3.69485600  0.05978500 
C   -3.53450000  4.80617100 -0.10529100 
C   -3.30812700  5.65485500 -1.18278000 
C   -2.28070100  5.42841100 -2.09132100 
C   -1.45847400  4.31769100 -1.90459300 
H   -0.65190000  4.12225700 -2.60557900 
H   -2.14010800  6.11081600 -2.92372500 
F   -4.10572400  6.73301300 -1.34968300 
H   -4.34030300  5.02372900  0.58831900 
H   -2.87596300  3.02720600  0.89836000 
O    0.56566100  2.60148500 -0.81357200 
Li   1.80934900  3.90935800 -0.57316100 
O    3.27211900  2.75356800 -0.71948900 
Li   2.01679000  1.49750900 -0.92940200 
C    4.56925900  3.04766800 -0.69678500 
C    5.05090100  4.31682800 -0.51192900 
C    4.09291800  5.44868500 -0.45273200 
C    4.12508500  6.40687300  0.58057800 
C    3.21397000  7.46386200  0.62746800 
C    2.23376600  7.60647400 -0.35626000 
C    2.19479800  6.68727300 -1.40911300 
C    3.11454400  5.63494400 -1.45986700 
H    3.11545800  4.96194700 -2.31574300 
H    1.46575200  6.80284700 -2.20757500 
H    1.52413800  8.42758600 -0.31537600 
H    3.26748500  8.17803000  1.44545900 
H    4.86867600  6.31634300  1.36639700 
C    6.51998800  4.61713600 -0.22962300 







  70 
H    6.41526200  4.80283100  1.95904900 
H    8.04909300  4.52583100  1.33186200 
H    6.87744000  3.19592700  1.38966500 
H    7.16298000  4.08273900 -0.93724200 
H    6.70191400  5.68303700 -0.41521400 
C    5.45704800  1.84742200 -0.84307300 
C    6.37335500  1.73103700 -1.89890300 
C    7.13558400  0.57474200 -2.07169400 
C    6.97372600 -0.47213900 -1.17253200 
C    6.07275000 -0.39969000 -0.11515700 
C    5.31422800  0.76062000  0.03657900 
H    4.61184400  0.83673500  0.86298800 
H    5.98168900 -1.23638300  0.57021100 
F    7.70891900 -1.59369200 -1.33059800 
H    7.84027300  0.47377300 -2.89083700 
H    6.47793500  2.55069500 -2.60381200 
C    0.56773600 -0.68438800 -1.26529300 
H   -0.21426100 -1.27308100 -1.75553600 
H    0.90161000  0.03788200 -2.02729100 
H    1.40002500 -1.36229000 -1.03141600 
H    0.80985000  0.47929900  0.57739700 








      
 
           
EZ(THF)2 
          G = –2065.892276 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Li   0.00000000  0.00000000  0.00000000 
O    1.27530900  1.27387100 -0.47021700 
C    2.58780200  1.47692400 -0.36303700 
C    3.52059400  0.64986700 -0.93660300 
C    3.06165100 -0.46732700 -1.85791000 
C    3.13490700 -1.87256700 -1.23252100 
H    4.15004700 -2.09522000 -0.88405900 
H    2.45685700 -1.95342200 -0.37508700 
H    2.85129400 -2.64512700 -1.95862500 
H    2.03463200 -0.26386600 -2.17764500 
H    3.67676800 -0.46937400 -2.76875600 
C    4.98151100  0.73837800 -0.67461900 
C    5.49711800  0.82188300  0.63478200 
C    6.86798000  0.87915400  0.87904700 
C    7.77666000  0.83494500 -0.18039700 
C    7.29130600  0.73310200 -1.48540300 
C    5.91856200  0.68312200 -1.72651600 
H    5.56524600  0.61743200 -2.75226600 
H    7.98452900  0.69671900 -2.32268500 
H    8.84633900  0.87171800  0.00851200 
H    7.22819900  0.94504300  1.90312700 
H    4.80328700  0.84129600  1.47029900 
C    2.93687400  2.73350600  0.38599000 
C    2.17828100  3.10207300  1.51152300 
C    2.41976200  4.29066100  2.20114600 
C    3.42236600  5.13549900  1.74008300 
C    4.18263400  4.82239200  0.61894000 
C    3.93457800  3.62380600 -0.04965500 
H    4.52583100  3.37315100 -0.92370100 
H    4.95065400  5.51160300  0.28225400 
F    3.65938900  6.29508700  2.39463300 
H    1.84753600  4.56665800  3.08153100 
H    1.39044900  2.43767600  1.85497100 
Li  -0.16282900  2.42190700 -0.68583700 
O   -0.22870500  4.18356900 -1.45056500 
C    0.81884900  4.70858600 -2.30860600 
H    0.70411300  4.25544500 -3.30101700 
H    1.78410500  4.41418500 -1.88961400 
C    0.60050300  6.22283200 -2.34468000 
H    1.14128500  6.70611500 -1.52300100 
H    0.94174300  6.66766400 -3.28396000 










  71 
H   -1.22593700  7.32186700 -1.75654400 
H   -1.45433100  6.14755600 -3.06664900 
C   -1.18225100  5.22587500 -1.12183000 
H   -0.99549900  5.56108100 -0.09384900 
H   -2.18436700  4.79580800 -1.17793600 
O   -1.45338700  1.18044200 -0.25048900 
C   -2.76507400  1.01357400 -0.23396600 
C   -3.41490600 -0.17110800 -0.50007000 
C   -4.89779600 -0.34357400 -0.18375900 
C   -5.20023200 -0.65460100  1.29586400 
H   -4.67703300 -1.55443800  1.63946200 
H   -6.27514300 -0.80758500  1.45728300 
H   -4.87773000  0.17548600  1.93437700 
H   -5.45627100  0.55739500 -0.45246600 
H   -5.31139500 -1.14135700 -0.81301600 
C   -2.67899500 -1.35917600 -0.98225900 
C   -3.11926900 -2.67154900 -0.69353900 
C   -2.44722200 -3.79780200 -1.16895800 
C   -1.30506900 -3.66699300 -1.96060600 
C   -0.86174900 -2.38173200 -2.28580800 
C   -1.53359000 -1.25528400 -1.81142900 
H   -1.20276900 -0.27105600 -2.12632700 
H    0.00340800 -2.25132000 -2.93199900 
H   -0.78385500 -4.54443500 -2.33363500 
H   -2.82391700 -4.78690900 -0.91756700 
H   -4.00410900 -2.81802900 -0.08292000 
C   -3.50827500  2.26463000  0.15225400 
C   -4.42765300  2.87762400 -0.71329400 
C   -5.04750000  4.08390700 -0.37870500 
C   -4.73783100  4.67706400  0.83944800 
C   -3.82457600  4.10844400  1.72114000 
C   -3.20877000  2.90911800  1.36417600 
H   -2.48507500  2.45605400  2.03605200 
H   -3.61096600  4.60271100  2.66372300 
F   -5.33464300  5.84331900  1.17365300 
H   -5.75812200  4.56393800 -1.04418200 
H   -4.65313700  2.40712900 -1.66621000 
O    0.44497600 -1.23744400  1.42385000 
C   -0.18016500 -2.51269800  1.72716300 
H    0.04281100 -3.20500600  0.90823300 
H   -1.26122900 -2.36147700  1.76864300 
C    0.43767000 -2.96648800  3.05130300 
H   -0.13091900 -2.56626100  3.89906300 
H    0.46273600 -4.05617400  3.14416900 
C    1.83503800 -2.32817600  2.99666200 
H    2.30007600 -2.21626500  3.98051600 
H    2.50556600 -2.92392400  2.36655400 
C    1.54245600 -0.98272400  2.33447000 
H    1.22215700 -0.23323800  3.07055300 






      
 
           
EZ(THF)4 
          G = –2530.587136 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Li   0.00000000  0.00000000  0.00000000 
O    1.55876700  1.03256500  0.24687600 
C    2.87883000  0.96628500  0.20096100 
C    3.59985500  0.80447500 -0.96302700 
C    2.87556800  0.82611800 -2.29877800 
C    3.01555700 -0.46818400 -3.11894200 
H    4.06476400 -0.68484500 -3.34707100 
H    2.61770200 -1.32624000 -2.56413500 
H    2.47361500 -0.39586900 -4.07122200 
H    1.81756700  1.02854900 -2.11253200 
H    3.24814300  1.65845400 -2.91882200 
C    5.06625800  0.56973600 -1.01293300 
C    5.70194400 -0.39146900 -0.19978600 
C    7.07343500 -0.62505100 -0.27752400 
C    7.86119200  0.07983800 -1.19062600 










  72 
C    5.88109300  1.25787900 -1.93637100 
H    5.43249200  2.00238700 -2.58917400 
H    7.84893400  1.57684200 -2.74317400 
H    8.92963300 -0.10773500 -1.25805800 
H    7.52730800 -1.37291900  0.36882500 
H    5.10132300 -0.96181300  0.50270600 
C    3.54171000  1.14849400  1.54374600 
C    2.97423000  0.54368800  2.67713200 
C    3.51926500  0.71240400  3.95004400 
C    4.63218800  1.53295800  4.09382000 
C    5.20777100  2.17796800  3.00579100 
C    4.65928500  1.97814600  1.73817600 
H    5.11164500  2.47166500  0.88496300 
H    6.06921700  2.82089400  3.15684000 
F    5.15794500  1.71911500  5.32742700 
H    3.09490700  0.22693900  4.82391100 
H    2.08323500 -0.06114700  2.54851700 
Li   0.36831200  2.41191800  0.86527700 
O    0.52567900  3.03353800  2.79432100 
C    1.36785400  4.08213900  3.32623700 
H    1.00886300  5.03428500  2.91848100 
H    2.39566400  3.91530200  2.98960000 
C    1.22711100  4.01485700  4.85534500 
H    2.03990700  3.41961800  5.28516100 
H    1.25297600  5.00578700  5.31833600 
C   -0.11803900  3.29300600  5.04193200 
H   -0.20669500  2.79167900  6.01061800 
H   -0.95381400  3.99540200  4.94071300 
C   -0.10460700  2.31329800  3.87099800 
H    0.48850900  1.41919100  4.10629300 
H   -1.09066200  2.00200000  3.52102400 
O    0.90052800  4.06167300 -0.25509700 
C    0.18529900  4.31739700 -1.49145200 
H   -0.52350800  5.13212000 -1.31588400 
H   -0.37756700  3.41742600 -1.74917800 
C    1.25244900  4.69286100 -2.52194100 
H    1.65608400  3.79581500 -3.00571900 
H    0.86223600  5.35657500 -3.29976100 
C    2.32850100  5.34843300 -1.64365500 
H    3.32004700  5.36153300 -2.10636400 
H    2.04885200  6.38092700 -1.40206200 
C    2.28142400  4.47021600 -0.39271200 
H    2.90523300  3.57632700 -0.50684800 
H    2.57223100  4.99598500  0.52184100 
O   -1.21227300  1.32400900  0.74369200 
C   -2.52461500  1.20793000  0.86368600 
C   -3.47577700  2.16758500  0.60303900 
C   -4.96612400  1.81900500  0.60588500 
C   -5.50793200  1.19269100 -0.69471500 
H   -5.33512700  1.83774100 -1.56406400 
H   -6.58866400  1.01271900 -0.62292000 
H   -5.02207200  0.23130300 -0.89561600 
H   -5.19354000  1.12834900  1.42544300 
H   -5.53855000  2.73049800  0.81919800 
C   -3.14722700  3.58981300  0.33483300 
C   -3.85762500  4.34303500 -0.62503800 
C   -3.64805800  5.71228500 -0.78940200 
C   -2.71999200  6.38680700  0.00636900 
C   -2.00244300  5.66238300  0.96160600 
C   -2.20920100  4.29246400  1.11864400 
H   -1.65341300  3.75969200  1.88132600 
H   -1.28170600  6.16940600  1.59959300 
H   -2.56544100  7.45664300 -0.10927800 
H   -4.21946500  6.25493600 -1.53941800 
H   -4.59502400  3.84948900 -1.25092300 
C   -2.97916600 -0.15680200  1.34395500 
C   -3.33353300 -0.34341600  2.68977300 
C   -3.74184400 -1.58790700  3.17288000 
C   -3.80054300 -2.65790400  2.28749800 
C   -3.45265800 -2.51944300  0.94934400 
C   -3.03568200 -1.26766800  0.48995400 
H   -2.74631700 -1.15082900 -0.54904500 
H   -3.51596100 -3.37803500  0.28780100 
F   -4.21007200 -3.86577900  2.74025400 
H   -4.02458900 -1.73366600  4.21078900 
H   -3.30865900  0.50815800  3.36504200 
O   -0.74515900 -0.33937900 -1.90846900 
C   -1.39467100  0.74442300 -2.60993900 
H   -0.63026000  1.36797000 -3.09509600 
H   -1.92902900  1.34070200 -1.86795500 
C   -2.28799700  0.06373800 -3.64360800 
H   -3.22634500 -0.26108800 -3.17884700 
H   -2.53406400  0.71961000 -4.48412500 
C   -1.42962800 -1.14518900 -4.05046700 
H   -2.01308700 -1.97244500 -4.46537500 
H   -0.68856500 -0.84719100 -4.80103400 
C   -0.73441700 -1.52566200 -2.73345900 
H   -1.27297800 -2.31480000 -2.19488300 
H    0.30110100 -1.84650100 -2.88131300 
O    0.37558100 -1.88787300  0.67557900 
C    1.53483800 -2.60192200  0.18657400 
H    2.39270000 -1.91906100  0.16726600 
  73 
H    1.32157300 -2.92728700 -0.83564200 
C    1.74290700 -3.75802400  1.16399400 
H    1.09757800 -4.60437700  0.90003000 
H    2.77873300 -4.10967200  1.18025200 
C    1.29308400 -3.13036300  2.49224900 
H    0.99705700 -3.86950600  3.24264000 
H    2.10210100 -2.52297200  2.91386400 
C    0.11928500 -2.24580000  2.05785500 
H   -0.83647700 -2.77674600  2.09902100 









      
 
           
ZZ 
          G = –1601.167028 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
C    1.27586000  0.79510200 -0.25996800 
C    2.53669300  0.03356400 -0.43660000 
C    2.88189800 -1.05677900  0.38795600 
C    4.07363000 -1.76212600  0.20860300 
C    4.97003300 -1.40640300 -0.80104300 
C    4.64311100 -0.34536900 -1.65128200 
C    3.44368000  0.35193000 -1.47788000 
H    3.17222400  1.13764700 -2.18056700 
H    5.30760800 -0.07592100 -2.46894300 
H    5.89797100 -1.95449400 -0.93542700 
H    4.30551500 -2.59362300  0.86968100 
H    2.20961500 -1.34979600  1.18847700 
C    1.32683400  2.16522400 -0.21577600 
C    0.10057000  3.02508000 -0.13061800 
C   -0.88845600  2.99941500 -1.12539800 
C   -1.98724700  3.85834500 -1.07646700 
C   -2.08991500  4.75012900 -0.01597000 
C   -1.12827100  4.81293200  0.98695700 
C   -0.03329100  3.95250700  0.91641500 
H    0.72639600  3.98768800  1.69304200 
H   -1.24700400  5.52104400  1.80087400 
F   -3.15142500  5.58391400  0.04104600 
H   -2.75220000  3.85012800 -1.84630200 
H   -0.78646300  2.30955100 -1.95806600 
O    2.46315900  2.85372200 -0.20076100 
Li   3.27459200  4.46660900 -0.24373600 
O    5.01078300  3.78594000 -0.19926800 
C    6.14708100  4.47446200 -0.21526300 
C    6.19805400  5.84457800 -0.26004900 
C    4.93722600  6.60610900 -0.43654800 
C    4.59244600  7.69692400  0.38757800 
C    3.40073200  8.40230800  0.20831500 
C    2.50390600  8.04618500 -0.80082200 
C    2.83039800  6.98469700 -1.65065000 
C    4.02981700  6.28734600 -1.47733700 
H    4.30092300  5.50128000 -2.17977700 
H    2.16558300  6.71490300 -2.46793800 
H    1.57598700  8.59432300 -0.93514100 
H    3.16919000  9.23416500  0.86906000 
H    5.26506300  7.99027100  1.18769800 
C    7.47402100  6.63972300 -0.00070300 
C    7.90943100  6.70291300  1.47644600 
H    7.13488800  7.14701100  2.11248900 
H    8.82118700  7.30277600  1.59068800 
H    8.11495100  5.69869600  1.86230100 
H    8.30751900  6.22668200 -0.57855500 
H    7.33441100  7.66106600 -0.37666500 
C    7.37337900  3.61463000 -0.13031700 
C    8.36219600  3.64019300 -1.12531600 
C    9.46099900  2.78127100 -1.07653500 
C    9.56389600  1.88959300 -0.01596900 
C    8.60244900  1.82686800  0.98715000 







  74 
H    6.74786700  2.65211200  1.69348000 
H    8.72133800  1.11881200  1.80109400 
F    10.6254230  1.05581900  0.04090300 
H    10.2257850  2.78940800 -1.84653700 
H    8.26002400  4.32995900 -1.95804300 
Li   4.19923600  2.17313800 -0.24487400 
C   -0.43494900 -0.06284300  1.47730300 
H    0.33980500 -0.50677000  2.11320700 
H   -1.34664900 -0.66270900  1.59197300 
H   -0.64038400  0.94145700  1.86298600 
H   -0.83368500  0.41289000 -0.57769900 
H    0.13950900 -1.02143600 -0.37574700 
 









          G = –2065.893509 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
C    1.15597500  0.99628000 -0.03406800 
C    2.39378300  0.58053800 -0.72907300 
C    2.75043400 -0.78088300 -0.86071000 
C    3.90378200 -1.18027700 -1.53764700 
C    4.75178900 -0.23766300 -2.12178900 
C    4.40863600  1.11506700 -2.03350100 
C    3.25644200  1.51350500 -1.35665400 
H    2.98537300  2.56377100 -1.34624000 
H    5.02826800  1.86731700 -2.51711800 
H    5.64571800 -0.54999100 -2.65491800 
H    4.13557500 -2.24055200 -1.61356000 
H    2.11594000 -1.54551500 -0.42429600 
C    1.08697700  2.19249400  0.64646200 
C   -0.19511900  2.68584800  1.26352000 
C   -1.32162900  2.99048100  0.48407800 
C   -2.48112500  3.51645100  1.05731400 
C   -2.50581300  3.73398200  2.42938400 
C   -1.40728000  3.45614800  3.23664500 
C   -0.25392400  2.94419300  2.64247400 
H    0.61921700  2.73844300  3.25494500 
H   -1.46689200  3.63942700  4.30499700 
F   -3.62693200  4.23471900  2.99663100 
H   -3.35449000  3.75732600  0.45955900 
H   -1.28576900  2.81942900 -0.58828200 
O    2.11003300  3.00208500  0.85911500 
Li   2.53757300  4.80703900  0.95395300 
Li   3.96831700  2.70360100  0.95390200 
O    4.39542600  4.50850600  0.85839500 
C    5.41837100  5.31830700  0.64576400 
C    5.34912400  6.51445200 -0.03485400 
C    6.50471800  7.51116600 -0.00083400 
C    6.56683800  8.38031300  1.27116500 
H    5.64384200  8.95256900  1.42203100 
H    7.39899600  9.09449000  1.22219400 
H    6.71341500  7.75306200  2.15761400 
H    7.46238400  6.99059800 -0.09109300 
H    6.44354800  8.16427700 -0.88027900 
C    4.11128800  6.92978500 -0.73007200 
C    3.75412100  8.29107400 -0.86151600 
C    2.60079300  8.69010600 -1.53872100 
C    1.75340200  7.74725000 -2.12338900 
C    2.09716900  6.39465000 -2.03537100 
C    3.24927800  5.99658400 -1.35814300 
H    3.52077500  4.94643000 -1.34782500 
H    1.47819900  5.64222600 -2.51958500 
H    0.85955200  8.05933700 -2.65678700 










  75 
H    4.38818900  9.05588800 -0.42477800 
C    6.70047300  4.82531300  1.26303900 
C    7.82717800  4.52094000  0.48376300 
C    8.98676300  3.99537500  1.05718300 
C    9.01132600  3.77792200  2.42926700 
C    7.91260200  4.05548000  3.23636200 
C    6.75918100  4.56708200  2.64201700 
H    5.88590800  4.77262500  3.25437000 
H    7.97212400  3.87227000  4.30473100 
F    10.1325030  3.27753500  2.99669600 
H    9.86027300  3.75471500  0.45955300 
H    7.79140700  4.69192300 -0.58860900 
C   -0.06244900 -0.86906400  1.27203700 
H    0.86030900 -1.44170200  1.42289000 
H   -0.89490800 -1.58289300  1.22312700 
H   -0.20871600 -0.24172200  2.15847600 
H   -0.95746800  0.52092300 -0.09031300 
H    0.06091900 -0.65318000 -0.87941500 
C    2.35873200  7.16868200  2.74316000 
H    3.16085100  7.60847100  2.14036400 
H    2.80166800  6.62417200  3.58251700 
C    1.32110700  8.20971100  3.16650500 
H    0.80012800  7.88675600  4.07555600 
H    1.77159800  9.18739900  3.36137900 
C    0.35954700  8.21239800  1.96748700 
H   -0.63517700  8.59655000  2.21232700 
H    0.77149500  8.81320000  1.14940400 
C    0.32977300  6.73571200  1.57177500 
H   -0.42492200  6.16895000  2.12841800 
H    0.17992200  6.57802200  0.50048300 
O    1.63815900  6.21575200  1.92317100 
C    4.14899200  0.34125000  2.74222300 
H    3.34696400 -0.09902200  2.13967900 
H    3.70601100  0.88551500  3.58171700 
C    5.18738900 -0.69914700  3.16529700 
H    5.70809700 -0.37614900  4.07448700 
H    4.73757900 -1.67722400  3.35983100 
C    6.14907200 -0.70077700  1.96637200 
H    7.14402300 -1.08435300  2.21121700 
H    5.73762800 -1.30151900  1.14799700 
C    6.17786000  0.77606900  1.57136200 
H    6.93155300  1.34318300  2.12903100 
H    6.32859200  0.93452800  0.50032100 
O    4.86867900  1.29461900  1.92188000 
 





           
ZZ(THF)4 
          G = –2530.586515 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Li   0.00000000  0.00000000  0.00000000 
O   -1.56963700  1.12253500  0.11812600 
C   -2.83874200  0.82619600 -0.07278700 
C   -3.91092200  1.24217000  0.69781500 
C   -5.33719500  0.92719100  0.24772300 
C   -5.98059600  1.99217900 -0.66317000 
H   -5.97105000  2.98614600 -0.20194700 
H   -7.02343500  1.73825400 -0.89383500 
H   -5.43741300  2.06208900 -1.61304900 
H   -5.36683600 -0.02241400 -0.29035600 
H   -5.97359700  0.77719600  1.12867700 
C   -3.76543200  2.05317100  1.92844700 
C   -4.88195300  2.71068500  2.50318400 
C   -4.78956600  3.44183800  3.68599100 
C   -3.57629000  3.54774400  4.36595700 
C   -2.45863800  2.90708700  3.82702100 
C   -2.54418700  2.18885400  2.63522300 
H   -1.66338900  1.70403100  2.24022300 
H   -1.50369400  2.95561600  4.34723000 










  76 
H   -5.67969800  3.92819900  4.07927200 
H   -5.85043400  2.65577000  2.01992800 
C   -3.06074200 -0.02336700 -1.30652600 
C   -3.50044900 -1.35434400 -1.23637900 
C   -3.66090700 -2.13035800 -2.38713100 
C   -3.37526200 -1.55894200 -3.62134800 
C   -2.91839200 -0.25064000 -3.73429500 
C   -2.75191600  0.50265400 -2.57127800 
H   -2.37412200  1.51888600 -2.63734700 
H   -2.70324300  0.15857200 -4.71669600 
F   -3.53900800 -2.29785500 -4.74318200 
H   -4.00736800 -3.15803900 -2.33873900 
H   -3.72939700 -1.78732500 -0.26643000 
Li  -0.41002700  2.65843100  0.00219900 
O    1.15979800  1.53567700  0.11744700 
C    2.42876900  1.83299000 -0.07276200 
C    3.50114500  1.41585200  0.69692500 
C    4.92723100  1.73244500  0.24736200 
C    5.57122900  0.66927900 -0.66525600 
H    5.56207300 -0.32546300 -0.20570600 
H    6.61397800  0.92407100 -0.89537300 
H    5.02819300  0.60072200 -1.61532100 
H    4.95627000  2.68292200 -0.28920100 
H    5.56355900  1.88140700  1.12854700 
C    3.35613600  0.60231700  1.92593600 
C    4.47315400 -0.05524900  2.49966200 
C    4.38123800 -0.78870300  3.68107600 
C    3.16793600 -0.89702600  4.36061300 
C    2.04977900 -0.25646700  3.82262300 
C    2.13486900  0.46407900  2.63218200 
H    1.25362400  0.94868700  2.23792900 
H    1.09477400 -0.30692400  4.34253300 
H    3.09669100 -1.45952900  5.28796400 
H    5.27175700 -1.27495500  4.07361200 
H    5.44167600  0.00147500  2.01670200 
C    2.65041700  2.68555500 -1.30450900 
C    3.08878300  4.01680100 -1.23105300 
C    3.24902700  4.79566500 -2.37990800 
C    2.96449100  4.22687700 -3.61560200 
C    2.50897800  2.91839400 -3.73180600 
C    2.34274800  2.16220200 -2.57062800 
H    1.96624000  1.14567400 -2.63940500 
H    2.29469300  2.51123200 -4.71524500 
F    3.12805100  4.96857200 -4.73561500 
H    3.59452900  5.82354500 -2.32893900 
H    3.31697000  4.44770700 -0.26000400 
O   -1.29610000  3.87589300 -1.42931700 
C   -0.69520600  4.42165300 -2.62712300 
H   -0.48780200  3.59637600 -3.31823600 
H    0.25518400  4.88940200 -2.35803600 
C   -1.72477200  5.39699200 -3.20521300 
H   -1.59446700  6.39645800 -2.77270300 
H   -1.64633800  5.48794300 -4.29268800 
C   -3.05211200  4.78203900 -2.73427300 
H   -3.88002900  5.49700800 -2.71452700 
H   -3.34117100  3.94628200 -3.38292600 
C   -2.68513900  4.27613600 -1.33974500 
H   -2.77750800  5.07538100 -0.59248800 
H   -3.26294100  3.41416100 -1.00095000 
O    0.05858300  4.17618100  1.30260200 
C   -0.59525200  5.45345800  1.41156000 
H   -1.57788300  5.32221800  1.88501800 
H   -0.73197200  5.83953400  0.39914300 
C    0.33355200  6.29925500  2.27983900 
H    1.16048100  6.69418800  1.67750800 
H   -0.18050500  7.14174500  2.75269000 
C    0.84309700  5.25607700  3.28643800 
H    1.80229600  5.52313400  3.73969400 
H    0.11257600  5.12781500  4.09298600 
C    0.93714500  3.97748500  2.43943600 
H    1.94418400  3.79496500  2.05280300 
H    0.61525700  3.08709400  2.98528200 
O    0.88577500 -1.21573800 -1.43359000 
C    0.28397100 -1.75918700 -2.63202100 
H    0.07372300 -0.93225700 -3.32024100 
H   -0.66506600 -2.22959100 -2.36274500 
C    1.31445100 -2.73083400 -3.21470600 
H    1.18658300 -3.73192800 -2.78526600 
H    1.23461000 -2.81840100 -4.30235900 
C    2.64136600 -2.11500700 -2.74375500 
H    3.47058800 -2.82855400 -2.72747700 
H    2.92798100 -1.27666100 -3.39014100 
C    2.27552500 -1.61411900 -1.34711900 
H    2.37023000 -2.41558800 -0.60251800 
H    2.85249000 -0.75232300 -1.00643700 
O   -0.46810500 -1.52013700  1.29735300 
C    0.18766800 -2.79659500  1.40442000 
H    1.16961500 -2.66481100  1.87913100 
H    0.32594700 -3.18026300  0.39133100 
C   -0.74081200 -3.64548300  2.26999100 
H   -1.56665800 -4.04015900  1.66601500 
H   -0.22609300 -4.48835000  2.74145300 
  77 
C   -1.25263500 -2.60523200  3.27849400 
H   -2.21222600 -2.87431000  3.72971700 
H   -0.52341000 -2.47839900  4.08643000 
C   -1.34665200 -1.32440800  2.43470300 
H   -2.35361200 -1.14077100  2.04844200 
H   -1.02476000 -0.43550800  2.98301200 
 







  78 
Table A.1.4. Optimized geometries at the B3LYP level of theory with 6-31G(d) basis set for 
relevant ground states of LiHMDS/Et3N-mediated enolizations at 0 °C with free energies 
(Hartrees), corrected MP2 energies (kcal), and cartesian coordinates (X, Y, Z). (Note: GMP2 




           
Et3N 
          G = –292.239430 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
N   -1.38927400  0.20827400 -0.42731300 
C   -1.90313600  1.51608700 -0.00137700 
H   -1.07882400  2.23469400 -0.05273200 
H   -2.22539600  1.49514800  1.05887400 
C   -3.04066100  2.02960600 -0.88649400 
H   -3.36786900  3.02070100 -0.55047400 
H   -2.70645100  2.10530100 -1.92635000 
H   -3.91519900  1.37000000 -0.86257400 
C   -2.26438800 -0.89066900  0.00029400 
H   -2.08172900 -1.16094400  1.05949300 
H   -3.29896600 -0.53576800 -0.04688000 
C   -2.14435300 -2.13146800 -0.88696600 
H   -1.13625200 -2.56010900 -0.86680000 
H   -2.83884300 -2.91015100 -0.54994500 
H   -2.37986900 -1.87821600 -1.92576500 
H    0.20957600 -1.07345600 -0.04735800 
H    0.14273500  0.29346000  1.05918500 
C    1.01423700  0.72440600 -0.88743600 
H    2.03578200  0.51384400 -0.54928100 
H    0.91387300  0.39235600 -1.92588500 
H    0.87995900  1.81157400 -0.86863300 
 
              
 
 
    
A2(ketone) 
          G = –2555.038917 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Si   0.00000000  0.00000000  0.00000000 
C   -1.20516000  0.86928400 -1.19132800 
H   -2.08797700  1.23017100 -0.64712100 
H   -0.73750400  1.73908200 -1.67041000 
H   -1.55102700  0.19960200 -1.98793700 
C    0.65059800  1.35379100  1.16944400 
H   -0.13724600  1.77522300  1.80507800 
H    1.43898300  0.97380200  1.82994300 
H    1.07669200  2.18161700  0.58760300 
N   -0.63002700 -1.42408500  0.74565900 
Si  -1.33816300 -1.42796800  2.32455000 











  79 
H    0.74369400 -1.75624300  3.70551700 
H    0.27312800 -0.05207000  3.71504700 
H   -0.60177600 -1.21506200  4.71912700 
C   -2.05811400 -3.15224100  2.71132800 
H   -2.58053600 -3.12975900  3.67672100 
H   -2.78246800 -3.49157300  1.96029200 
H   -1.27794300 -3.91920000  2.78745600 
C   -2.77886500 -0.19221700  2.50999300 
H   -2.44893500  0.84418300  2.36432600 
H   -3.57216200 -0.38671900  1.77626300 
H   -3.23185200 -0.25031100  3.50839400 
Li   0.76541000 -2.62521300  0.06168700 
N    0.03658600 -4.12952100 -0.94568100 
Si  -0.12411800 -4.23018200 -2.66313600 
C    1.52409700 -4.09086500 -3.60875300 
H    2.19540900 -4.92767000 -3.38400000 
H    1.35986400 -4.08328400 -4.69437800 
H    2.05655200 -3.16595000 -3.35093500 
C   -1.20464100 -2.78797000 -3.29130100 
H   -1.30680500 -2.83702200 -4.38310200 
H   -2.21977100 -2.81362600 -2.87405900 
H   -0.77086300 -1.80875900 -3.05318500 
C   -0.97854600 -5.82307600 -3.26944700 
H   -0.40612000 -6.72280000 -3.01300400 
H   -1.97454700 -5.93273500 -2.82105400 
H   -1.10571200 -5.81786000 -4.35992400 
Si   0.71264900 -5.37840300  0.03589800 
C   -0.58461100 -6.51460400  0.83697500 
H   -1.32566900 -5.94294300  1.40858100 
H   -1.12804200 -7.07675100  0.06699500 
H   -0.12678200 -7.24333800  1.51841400 
C    1.68511600 -4.53281100  1.46500000 
H    2.08968800 -5.29284100  2.14526200 
H    2.55705600 -3.96874500  1.09441200 
H    1.08017700 -3.85888400  2.08785100 
C    1.99463900 -6.51060300 -0.80059400 
H    1.56802100 -7.09608400 -1.62373600 
H    2.83599100 -5.93601700 -1.20697100 
H    2.40297500 -7.22408300 -0.07288700 
Li  -1.54713900 -2.99228300 -0.27029600 
O   -3.44139700 -3.35445900 -0.50291100 
C   -4.61354000 -3.39008700 -0.88943100 
C   -5.43969100 -4.66741700 -0.69092500 
C   -6.50752600 -4.43649200  0.38006100 
C   -6.15269400 -3.97004400  1.65401400 
C   -7.12322300 -3.78329900  2.63868300 
C   -8.46376400 -4.06375300  2.36807500 
C   -8.82712800 -4.53508200  1.10598400 
C   -7.85524900 -4.71725000  0.12093700 
H   -8.14704800 -5.09184100 -0.85807300 
H   -9.86661800 -4.76333000  0.88600400 
H   -9.21877100 -3.91798100  3.13561700 
H   -6.82933900 -3.41796700  3.61889600 
H   -5.11242300 -3.75463900  1.88307300 
C   -4.53987400 -5.88499300 -0.38589300 
C   -5.30494200 -7.21123500 -0.38079300 
H   -6.08671900 -7.22582500  0.38585300 
H   -5.78228300 -7.40256300 -1.35034900 
H   -4.62181700 -8.04310900 -0.17934800 
H   -3.74003000 -5.92298900 -1.13452300 
H   -4.04443300 -5.73390600  0.57887600 
H   -5.95972400 -4.86411800 -1.63798600 
C   -5.22348400 -2.19249700 -1.52382900 
C   -6.47778300 -2.22048800 -2.16098900 
C   -6.99908100 -1.07825100 -2.75830300 
C   -6.25875500  0.09957200 -2.70695200 
C   -5.01778700  0.16950500 -2.07914800 
C   -4.50692200 -0.98062500 -1.49253700 
H   -3.54514400 -0.94777500 -0.99375600 
H   -4.47263800  1.10694000 -2.05940800 
F   -6.76096900  1.20441100 -3.28070800 
H   -7.96187200 -1.08477900 -3.25768200 
H   -7.05979200 -3.13334500 -2.19423700 
C    1.53108000 -0.51080800 -1.04596300 
H    2.36074200 -0.88335200 -0.42214200 
H    1.31842000 -1.26204800 -1.81910900 
H    1.92959000  0.36454800 -1.57393300 
 







  80 
 
 
           
A2(ketone)(Et3N) 
          G = –2847.248092 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Si   0.00000000  0.00000000  0.00000000 
C   -1.42288300  0.87937800 -0.92199800 
H   -2.10869400  1.37489300 -0.22383800 
H   -1.02691500  1.65202700 -1.59413900 
H   -2.00825200  0.18472300 -1.53824100 
C    1.00576100  1.41501600  0.80013400 
H    0.40957100  2.01030500  1.50076900 
H    1.88233200  1.05192000  1.34926400 
H    1.36824200  2.10055100  0.02260900 
N   -0.50518700 -1.25987300  1.07744800 
Si  -1.08391000 -0.86672800  2.66558100 
C    0.30481600 -0.77387400  3.96926700 
H    0.84486100 -1.72607600  4.05114400 
H    1.03772500  0.00173400  3.71558100 
H   -0.09377400 -0.53994300  4.96512900 
C   -2.31209400 -2.19187600  3.27836800 
H   -2.51010800 -2.05394900  4.34929100 
H   -3.27305600 -2.10781000  2.75761700 
H   -1.94696100 -3.21734400  3.15213200 
C   -2.06758900  0.76140000  2.83003400 
H   -1.47909000  1.65683600  2.60263300 
H   -2.94721400  0.76622700  2.17525000 
H   -2.43146900  0.86590800  3.86087300 
Li  -1.65248600 -2.87828100  0.47800500 
Li   0.80244500 -2.83862200  0.91098400 
N    3.14191100 -2.87208800  1.49935600 
C    3.65054600 -3.55143200  0.28648100 
H    2.91792800 -4.31927700  0.01382200 
H    3.62766600 -2.80909500 -0.51996800 
C    5.03560000 -4.22020200  0.31317000 
H    5.84088400 -3.52749100  0.57153800 
H    5.06545500 -5.05885800  1.01627300 
H    5.24727900 -4.62627100 -0.68347500 
C    3.54426100 -1.45662300  1.64916900 
H    3.17185700 -1.12844500  2.62600600 
H    2.98797500 -0.87838000  0.90488000 
C    5.02763600 -1.07338000  1.50879000 
H    5.12907600  0.00486500  1.68282500 
H    5.67599000 -1.58998400  2.22106400 
H    5.40130800 -1.27323400  0.49933100 
C    3.21046700 -3.66586100  2.74406000 
H    2.41367600 -3.30066400  3.40343900 
H    2.94229000 -4.69378900  2.47863400 
C    4.50811200 -3.67396100  3.57217100 
H    4.73594700 -2.68193200  3.97502800 
H    4.37188800 -4.34673600  4.42778100 
H    5.37678400 -4.02194800  3.00763800 
N   -0.31303800 -4.41616300  0.18600900 
Si  -0.39430400 -4.63932600 -1.53390600 
C    1.28742500 -4.48834400 -2.42091300 
H    1.97652600 -5.27606500 -2.09131300 
H    1.16259900 -4.59696400 -3.50639700 
H    1.77515100 -3.52346300 -2.24276400 
C   -1.55185100 -3.33555400 -2.32363400 
H   -1.44184200 -3.34678400 -3.41580900 
H   -2.60115900 -3.56266400 -2.09989600 
H   -1.35875000 -2.30553500 -1.99980500 
C   -1.10827400 -6.30056200 -2.14600100 
H   -0.51628800 -7.16712700 -1.82853300 
H   -2.13657300 -6.45698800 -1.80046600 
H   -1.12632400 -6.30577600 -3.24407600 
Si  -0.20518200 -5.78146700  1.24573900 
C   -1.71076600 -6.95290900  1.27988300 
H   -2.63270400 -6.41760600  1.53856300 
H   -1.87972900 -7.46709900  0.32821400 
H   -1.56106100 -7.72514600  2.04695900 
C   -0.04114200 -5.23806500  3.07446200 
H    0.53441500 -5.98278900  3.63992800 
H    0.45254000 -4.27148500  3.22207400 








  81 
C    1.28923100 -6.92045100  0.88852000 
H    1.24726800 -7.34339300 -0.12294200 
H    2.24836700 -6.39473300  0.97707300 
H    1.31213700 -7.76297300  1.59235400 
O   -3.65452200 -3.08935100  0.28962300 
C   -4.88381900 -3.00029000  0.22899200 
C   -5.73955500 -4.26921300  0.12222300 
C   -6.21432800 -4.69900600  1.51217700 
C   -5.30773400 -4.86173700  2.56960700 
C   -5.74839600 -5.28285700  3.82479900 
C   -7.10091800 -5.54966400  4.04435200 
C   -8.01155500 -5.39403200  2.99856700 
C   -7.57002000 -4.96991300  1.74426900 
H   -8.28567200 -4.85896700  0.93200900 
H   -9.06624700 -5.60370500  3.15597300 
H   -7.44221000 -5.87691700  5.02257400 
H   -5.03085100 -5.40025900  4.63219700 
H   -4.25324400 -4.65494800  2.41467600 
C   -4.98268300 -5.38952200 -0.62868500 
C   -5.84992000 -6.61878000 -0.91142200 
H   -6.20555600 -7.08413700  0.01363700 
H   -6.72818700 -6.36190900 -1.51735500 
H   -5.27497300 -7.36945200 -1.46417600 
H   -4.61178000 -4.97803700 -1.57592400 
H   -4.09920600 -5.67621500 -0.05199600 
H   -6.62971900 -4.01788200 -0.46632400 
C   -5.54486200 -1.66859500  0.24547300 
C   -6.92917600 -1.51062700  0.44357600 
C   -7.50805600 -0.24616100  0.44629700 
C   -6.69341000  0.86182700  0.23033300 
C   -5.32096900  0.74519700  0.02725600 
C   -4.75326100 -0.52253200  0.04690100 
H   -3.68614600 -0.63712100 -0.10015000 
H   -4.72161400  1.63319500 -0.14191900 
F   -7.25200200  2.08301400  0.21779800 
H   -8.57093600 -0.10604300  0.61129400 
H   -7.56014800 -2.37161200  0.62974900 
C    1.12257800 -0.66809100 -1.39458400 
H    2.02004400 -1.18183300 -1.02745200 
H    0.60299200 -1.36055100 -2.06434800 
H    1.47300600  0.17170200 -2.00917100 
 




           
AE(Et3N)2 
          G = –2265.766766 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Li   0.00000000  0.00000000  0.00000000 
N    1.67243900 -1.14966200 -0.16250500 
Si   2.52919300 -0.88053600 -1.64019900 
C    3.05727200  0.93523300 -1.90026500 
H    3.70484500  1.28680200 -1.08813400 
H    3.60837700  1.05997400 -2.84165600 
H    2.18916100  1.60669600 -1.94266700 
C    1.40359200 -1.30167800 -3.12173100 
H    1.91687900 -1.08879300 -4.06837200 
H    1.12097200 -2.36332400 -3.14764600 
H    0.47409100 -0.71908200 -3.11681400 
C    4.11127900 -1.92207100 -1.86556300 
H    4.88271600 -1.67511000 -1.12545400 
H    3.90665300 -2.99649800 -1.77792700 
H    4.54754200 -1.74935500 -2.85810500 
Si   2.46544100 -1.31263800  1.36355000 
C    3.29655800 -3.00543100  1.65485700 
H    2.56636100 -3.82470700  1.66568700 
H    4.03633700 -3.23319600  0.87861400 
H    3.81642700 -3.02427200  2.62187800 
C    1.18969700 -1.13576400  2.77435900 
H    1.67668500 -1.24517900  3.75193200 
H    0.69099900 -0.15659300  2.77593000 










  82 
C    3.82845900 -0.02030100  1.70089800 
H    4.66985200 -0.12774900  1.00503900 
H    3.45798900  1.00743900  1.60435700 
H    4.23107100 -0.13329100  2.71599900 
Li   0.11707600 -2.41497100 -0.50319300 
O   -1.31561200 -1.24424600 -0.40668200 
C   -2.65171700 -1.29690200 -0.39875700 
C   -3.22142700 -2.07318000  0.75534500 
C   -4.24202600 -3.02358800  0.57504000 
C   -4.70982700 -3.79923200  1.63511800 
C   -4.14825400 -3.62084600  2.89458200 
C   -3.13030700 -2.70090400  3.11621800 
C   -2.66788400 -1.94306900  2.04008600 
H   -1.86081200 -1.23624800  2.19978000 
H   -2.71279200 -2.59067000  4.11213800 
F   -4.59656700 -4.36859400  3.92759100 
H   -5.49585800 -4.53485200  1.49698600 
H   -4.67639100 -3.15384400 -0.41042000 
C   -3.42221200 -0.74645600 -1.39454700 
C   -2.74148400 -0.24467000 -2.66131400 
H   -1.78183400  0.21552600 -2.40098000 
H   -3.35362900  0.54245700 -3.11921200 
C   -2.46191900 -1.33794000 -3.71148300 
H   -1.96235700 -0.91756800 -4.59348200 
H   -1.81094300 -2.11280200 -3.29504700 
H   -3.38248500 -1.82596400 -4.05037700 
C   -4.89293200 -0.56177600 -1.30284000 
C   -5.51821500 -0.12360400 -0.11577500 
C   -6.89170400  0.09770300 -0.05005100 
C   -7.69497600 -0.09048000 -1.17731000 
C   -7.09768400 -0.49885600 -2.37020300 
C   -5.72294700 -0.72662300 -2.43150500 
H   -5.28803700 -1.04828600 -3.37276400 
H   -7.70392500 -0.64463400 -3.26131600 
H   -8.76574700  0.08888600 -1.12865800 
H   -7.33472800  0.43545100  0.88398800 
H   -4.90966200  0.05310200  0.76556500 
N   -0.08725300 -4.54745200 -0.71138500 
C   -0.41128400 -4.87199400  0.69788800 
H    0.23832700 -4.25345800  1.33363400 
H   -1.43328400 -4.52078400  0.87315600 
C   -0.27353500 -6.32366000  1.18363400 
H   -0.89278900 -7.02129700  0.61386200 
H    0.76446500 -6.66862700  1.13713600 
H   -0.58760100 -6.37522700  2.23302200 
C   -1.21003400 -4.68297900 -1.66800900 
H   -0.79480800 -4.48850200 -2.66473200 
H   -1.91388500 -3.86767700 -1.46282000 
C   -2.01492000 -5.99255800 -1.69584500 
H   -2.76856600 -5.92624900 -2.48983800 
H   -1.39573200 -6.87177400 -1.89247000 
H   -2.55026700 -6.15145300 -0.75436600 
C    1.22414000 -5.03281500 -1.19673000 
H    1.56280000 -4.33352400 -1.97269300 
H    1.92740900 -4.92187300 -0.36450400 
C    1.33211900 -6.45270100 -1.77656200 
H    0.73088000 -6.56394600 -2.68449700 
H    2.37635300 -6.64189000 -2.05353700 
H    1.02769500 -7.22694600 -1.06749500 
N   -0.45986800  2.07623000  0.47045100 
C    0.78025200  2.63927700  1.05054100 
H    1.20631100  1.87437800  1.71155200 
H    1.48954800  2.75125500  0.22294500 
C    0.71155000  3.95029200  1.85136400 
H    0.30480900  4.78449100  1.27404000 
H    0.11082900  3.83625800  2.75932000 
H    1.72624200  4.22251200  2.16631300 
C   -0.82328600  2.58120400 -0.87339400 
H   -1.79885300  2.14701400 -1.11457300 
H   -0.10853500  2.15139100 -1.59010700 
C   -0.85928100  4.09765300 -1.12180200 
H   -1.17806200  4.27766500 -2.15549300 
H   -1.55606300  4.61894400 -0.46034100 
H    0.13067800  4.54979600 -1.00353000 
C   -1.59411400  1.91909600  1.40983700 
H   -2.20245600  1.08357900  1.04184200 
H   -1.16297900  1.59774400  2.36646000 
C   -2.54239300  3.10535100  1.65120200 
H   -3.08905500  3.37293100  0.74143700 
H   -3.28779900  2.81257600  2.40034300 
H   -2.02827000  3.99693100  2.01903800 
 





  83 
 
           
AZ(Et3N)2 
          G = –2265.761719 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Li   0.00000000  0.00000000  0.00000000 
N   -1.03479700  1.76899500  0.18336900 
Si  -0.25217600  2.63677200  1.46182300 
C    0.93614000  4.01758700  0.89201900 
H    0.42104400  4.82275000  0.35469000 
H    1.43595500  4.47286200  1.75721000 
H    1.71977000  3.63116200  0.22858300 
C    0.81463400  1.44757800  2.49962500 
H    0.26173300  0.56599000  2.84362600 
H    1.69462300  1.08569900  1.95125400 
H    1.19433300  1.96020500  3.39310700 
C   -1.44091000  3.46373700  2.70529200 
H   -2.10690100  4.18822100  2.22106000 
H   -2.07122400  2.72694700  3.22056200 
H   -0.87926400  4.00302700  3.47956000 
Si  -1.62986000  2.59068100 -1.21955100 
C   -2.49821700  4.25507900 -0.87562200 
H   -3.34880900  4.13374900 -0.19359400 
H   -1.82653200  4.99849200 -0.43034800 
H   -2.88593000  4.68507800 -1.80855100 
C   -2.94013200  1.52591400 -2.10903700 
H   -3.24987200  2.01549400 -3.04147800 
H   -2.57292800  0.52803900 -2.37461700 
H   -3.85078900  1.39184100 -1.51002700 
C   -0.30551600  2.95814500 -2.54300400 
H    0.49426700  3.60123700 -2.15647500 
H    0.16195500  2.03699600 -2.91497100 
H   -0.74733700  3.46883800 -3.40881200 
Li  -2.38794700  0.29289400  0.58590000 
O   -1.34530700 -1.24971700  0.38432400 
C   -1.52823300 -2.56344200  0.21953800 
C   -2.56866500 -2.89587600 -0.81929000 
C   -3.65403300 -3.74364100 -0.54011200 
C   -4.64382300 -4.00332000 -1.48965900 
C   -4.54374300 -3.40315800 -2.73863800 
C   -3.49111100 -2.55241200 -3.05730400 
C   -2.51945200 -2.29956100 -2.08991000 
H   -1.69853100 -1.63101200 -2.32764200 
H   -3.44442500 -2.10255900 -4.04393300 
F   -5.49473800 -3.64958500 -3.66635400 
H   -5.48320300 -4.65660100 -1.27315900 
H   -3.72639500 -4.20570900  0.43967700 
C   -0.85007800 -3.55336700  0.89466400 
C    0.05717200 -3.26752000  2.03704500 
C    1.20566800 -4.05261200  2.27942200 
C    2.03086500 -3.83218100  3.38248400 
C    1.73319600 -2.82339600  4.29918800 
C    0.59497200 -2.04143400  4.08982900 
C   -0.22150300 -2.25723600  2.98103900 
H   -1.10195800 -1.64240600  2.83985500 
H    0.33653500 -1.25877200  4.79931100 
H    2.36885100 -2.65535200  5.16440100 
H    2.90706900 -4.46005900  3.52782800 
H    1.46454600 -4.85316300  1.59345700 
C   -0.94808200 -5.01816400  0.48059400 
H    0.05321800 -5.39031900  0.21738600 
H   -1.52897700 -5.11047400 -0.43923500 
C   -1.53688300 -5.95841800  1.54755600 
H   -1.54250100 -6.99666600  1.19347600 
H   -0.95777000 -5.92229500  2.47620300 
H   -2.56908500 -5.68261900  1.79501900 
N   -4.36260800  0.32881200  1.50693900 
C   -5.17137100 -0.58676600  0.67030700 
H   -4.93978400 -0.36244000 -0.37930300 
H   -4.78995000 -1.59669100  0.84958300 
C   -6.70148600 -0.58140700  0.81675800 
H   -7.03383200 -0.80724200  1.83359400 
H   -7.13327400  0.38053600  0.52166600 
H   -7.11953900 -1.34326400  0.14796800 
C   -3.97413200 -0.20411400  2.83221500 
H   -3.43795900  0.60169300  3.34905000 
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C   -5.05563400 -0.77618700  3.76426300 
H   -4.58294600 -1.08879100  4.70317200 
H   -5.83723400 -0.05158400  4.00560600 
H   -5.53025300 -1.66178800  3.33009700 
C   -4.78252900  1.74866800  1.48313800 
H   -3.88371100  2.35687900  1.63514900 
H   -5.12043200  1.95486600  0.46088600 
C   -5.85037400  2.23224200  2.47742200 
H   -5.50160000  2.15533500  3.51227700 
H   -6.05688200  3.29195800  2.28455800 
H   -6.79305000  1.68538900  2.39140800 
N    1.91083900 -0.49342500 -0.91783900 
C    1.43110900 -1.06376000 -2.19533100 
H    0.53764600 -1.65918200 -1.96559900 
H    1.09624500 -0.21929700 -2.81097300 
C    2.36791100 -1.95874400 -3.02502600 
H    3.29473600 -1.45622400 -3.31298400 
H    2.62654400 -2.87470100 -2.48496100 
H    1.84771000 -2.25886300 -3.94286600 
C    2.65309200  0.78281800 -1.02438700 
H    3.01325800  1.01665200 -0.01589600 
H    1.92564500  1.56278600 -1.27748000 
C    3.82169700  0.89222500 -2.01712800 
H    4.27726800  1.88493800 -1.91731200 
H    4.60095500  0.14571500 -1.84275400 
H    3.48104900  0.79689300 -3.05320600 
C    2.46493400 -1.47676800  0.04241000 
H    2.27237200 -1.09528700  1.05319200 
H    1.85632900 -2.38084000 -0.05221500 
C    3.95499100 -1.84388000 -0.03473700 
H    4.59744000 -0.98311400  0.17942300 
H    4.16255600 -2.60178300  0.72966000 
H    4.24605300 -2.25420900 -1.00561900 
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Table A.1.5. Optimized geometries at the B3LYP level of theory with 6-31G(d) basis set for 
relevant ground states of LiHMDS/DMEA-mediated enolizations at –40 °C with free energies 
(Hartrees), corrected MP2 energies (kcal), and cartesian coordinates (X, Y, Z). (Note: GMP2 
includes single-point MP2 corrections to B3LYP/6-31G(d) optimized structures.) 
 
 
           
DMEA 
          G = –213.665394 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
N    1.20293200  0.78313000 -0.24712200 
C    2.37351000  0.16464400  0.37745600 
H    2.35555300 -0.89919700  0.11025300 
H    2.31330700  0.20948500  1.48541500 
C    3.70245400  0.76089600 -0.08917400 
H    4.53704300  0.17458600  0.31158900 
H    3.76283600  0.74780500 -1.18260600 
H    3.83891700  1.79369500  0.24845300 
C    1.00890200  2.16718000  0.16436500 
H    0.84479000  2.27734200  1.25589300 
H    1.87500300  2.77525100 -0.11147300 
H    0.13541800  2.58100500 -0.35107400 
H   -0.84663300  0.44611100 -0.53359800 
H   -0.27116100 -0.06399400  1.07339000 





    
A2(ketone) 
          G = –2555.021202 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Si   0.00000000  0.00000000  0.00000000 
C   -1.20462300  0.86934900 -1.19181400 
H   -2.08699400  1.23152500 -0.64773900 
H   -0.73626300  1.73831900 -1.67171200 
H   -1.55127300  0.19933200 -1.98780200 
C    0.65112600  1.35402900  1.16888100 
H   -0.13657300  1.77622900  1.80418600 
H    1.43920700  0.97394400  1.82968700 
H    1.07776400  2.18131900  0.58667700 
N   -0.63076100 -1.42345800  0.74624800 
Si  -1.33925900 -1.42607200  2.32498100 
C   -0.11809200 -1.07332800  3.74434900 
H    0.74218600 -1.75454100  3.70645500 
H    0.27235700 -0.05016000  3.71516200 
H   -0.60321800 -1.21234000  4.71960200 
C   -2.05998900 -3.14983600  2.71257100 
H   -2.58260500 -3.12669000  3.67784100 
H   -2.78428400 -3.48929500  1.96153700 
H   -1.28005200 -3.91697600  2.78923900 
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H   -2.44899000  0.84661100  2.36329700 
H   -3.57264900 -0.38406800  1.77558600 
H   -3.23268600 -0.24695000  3.50772800 
Li   0.76436300 -2.62551600  0.06319700 
N    0.03506400 -4.12988600 -0.94379600 
Si  -0.12523200 -4.23108600 -2.66125300 
C    1.52326700 -4.09223700 -3.60645300 
H    2.19460700 -4.92875700 -3.38070400 
H    1.35943000 -4.08566300 -4.69214500 
H    2.05552200 -3.16702800 -3.34928300 
C   -1.20550700 -2.78897100 -3.29006600 
H   -1.30719300 -2.83812600 -4.38190600 
H   -2.22081400 -2.81458900 -2.87325000 
H   -0.77182200 -1.80974500 -3.05184900 
C   -0.97949400 -5.82409900 -3.26748500 
H   -0.40707300 -6.72375800 -3.01081400 
H   -1.97561800 -5.93379700 -2.81938800 
H   -1.10633900 -5.81898300 -4.35800100 
Si   0.71026600 -5.37862300  0.03856000 
C   -0.58779100 -6.51355700  0.84013200 
H   -1.32814300 -5.94109000  1.41184100 
H   -1.13196500 -7.07537800  0.07044200 
H   -0.13042600 -7.24254400  1.52161400 
C    1.68285900 -4.53280800  1.46744100 
H    2.08673900 -5.29271900  2.14824800 
H    2.55525900 -3.96945800  1.09685300 
H    1.07811100 -3.85820300  2.08975300 
C    1.99175100 -6.51202000 -0.79708100 
H    1.56486800 -7.09779400 -1.61987600 
H    2.83342400 -5.93813400 -1.20378600 
H    2.39968100 -7.22525300 -0.06890700 
Li  -1.54835800 -2.99179200 -0.26917300 
O   -3.44276700 -3.35344100 -0.50187300 
C   -4.61496500 -3.38878200 -0.88826600 
C   -5.44105400 -4.66629700 -0.69066800 
C   -6.50881300 -4.43640900  0.38061600 
C   -6.15398000 -3.97073100  1.65484100 
C   -7.12445000 -3.78498600  2.63976200 
C   -8.46492900 -4.06570600  2.36913700 
C   -8.82829200 -4.53630800  1.10677000 
C   -7.85647800 -4.71746500  0.12147800 
H   -8.14826600 -5.09149900 -0.85774900 
H   -9.86773200 -4.76477100  0.88677100 
H   -9.21988800 -3.92071400  3.13687200 
H   -6.83055900 -3.42022900  3.62018600 
H   -5.11375500 -3.75516200  1.88394200 
C   -4.54111100 -5.88405500 -0.38671500 
C   -5.30605700 -7.21037100 -0.38269000 
H   -6.08775900 -7.22570500  0.38401700 
H   -5.78347200 -7.40089600 -1.35236800 
H   -4.62283500 -8.04235800 -0.18203800 
H   -3.74131800 -5.92134200 -1.13543100 
H   -4.04561000 -5.73373100  0.57814400 
H   -5.96115400 -4.86223700 -1.63785300 
C   -5.22494900 -2.19076000 -1.52181100 
C   -6.47975200 -2.21806900 -2.15801200 
C   -7.00108900 -1.07543200 -2.75452500 
C   -6.26026900  0.10209000 -2.70337900 
C   -5.01876900  0.17133800 -2.07655000 
C   -4.50789800 -0.97917200 -1.49069400 
H   -3.54571400 -0.94686300 -0.99266800 
H   -4.47323300  1.10855100 -2.05697000 
F   -6.76249300  1.20729700 -3.27641800 
H   -7.96428700 -1.08142100 -3.25312500 
H   -7.06215700 -3.13068000 -2.19105100 
C    1.53099900 -0.51190100 -1.04554800 
H    2.36052500 -0.88423500 -0.42142300 
H    1.31824400 -1.26357900 -1.81823600 
H    1.92974000  0.36303500 -1.57403900 
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A2(ketone)(DMEA) 
          G = –2768.666975 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Si   0.00000000  0.00000000  0.00000000 
C   -1.38085100  0.84873500 -1.00945300 
H   -2.10760500  1.34723800 -0.35616600 
H   -0.96107300  1.61568800 -1.67357800 
H   -1.92719600  0.13726600 -1.64213500 
C    0.94684200  1.42946500  0.84424100 
H    0.31938100  2.00782700  1.53120500 
H    1.81099500  1.07248400  1.41677800 
H    1.32403900  2.12801600  0.08549400 
N   -0.55071000 -1.25626200  1.05700000 
Si  -1.21944300 -0.86426100  2.60833100 
C    0.09401300 -0.73889900  3.98671200 
H    0.65189400 -1.67795600  4.09797600 
H    0.81915500  0.05709700  3.77665600 
H   -0.36516300 -0.51781100  4.95912000 
C   -2.45205900 -2.20800600  3.16898200 
H   -2.72374200 -2.05172300  4.22110800 
H   -3.37910500 -2.16348500  2.58560900 
H   -2.05099200 -3.22483200  3.09181300 
C   -2.23908600  0.74713800  2.71057500 
H   -1.65995500  1.65087900  2.49170400 
H   -3.09338800  0.72516300  2.02313200 
H   -2.64396200  0.85967000  3.72518700 
C    1.22042000 -0.66038800 -1.31284200 
H    2.11998700 -1.10799700 -0.87233800 
H    0.77720400 -1.40525900 -1.98095200 
H    1.56139300  0.17339500 -1.94073300 
Li   0.79558500 -2.81756200  0.94709400 
Li  -1.63909500 -2.89451700  0.41170200 
N   -0.27291200 -4.41433400  0.19490500 
Si  -0.25164900 -4.66420500 -1.52173600 
C    1.48564800 -4.53402100 -2.29793100 
H    2.15604800 -5.29830700 -1.88479500 
H    1.44077000 -4.68892800 -3.38406000 
H    1.95027400 -3.55639700 -2.12614700 
C   -1.35059600 -3.37018400 -2.40556400 
H   -1.16763800 -3.39890900 -3.48773600 
H   -2.41361500 -3.59088000 -2.25009200 
H   -1.17743300 -2.33570500 -2.08530700 
C   -0.93520300 -6.33327300 -2.14813200 
H   -0.36017500 -7.19615800 -1.79187400 
H   -1.97887400 -6.48473200 -1.84943000 
H   -0.90063900 -6.35204900 -3.24567700 
Si  -0.17983500 -5.75979600  1.27872100 
C   -1.66980800 -6.95114200  1.27537200 
H   -2.60758000 -6.42529400  1.49355000 
H   -1.79668200 -7.47515300  0.32229100 
H   -1.53976300 -7.71511200  2.05416300 
C   -0.08158200 -5.18539200  3.10368400 
H    0.48899600 -5.91081400  3.69860300 
H    0.39062900 -4.20764100  3.25018100 
H   -1.08074500 -5.12672800  3.55161900 
C    1.34218100 -6.88324100  0.99221400 
H    1.34533000 -7.31960400 -0.01420900 
H    2.29117300 -6.34469200  1.11022400 
H    1.34929300 -7.71635800  1.70752700 
O   -3.61727600 -3.13254400  0.10587300 
C   -4.84270500 -3.06944000 -0.02460100 
C   -5.66292500 -4.35702300 -0.17416000 
C   -6.20798800 -4.79061300  1.18868400 
C   -5.36101400 -4.92734500  2.29785000 
C   -5.86391000 -5.35357200  3.52767500 
C   -7.22037900 -5.65089200  3.67000000 
C   -8.07210400 -5.52057400  2.57236300 
C   -7.56827700 -5.09156100  1.34343900 
H   -8.23787700 -5.00078000  0.49046100 
H   -9.12907200 -5.75403100  2.66945500 
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H   -5.19185400 -5.45097400  4.37584600 
H   -4.30447900 -4.69626700  2.20312800 
C   -4.83900600 -5.46285700 -0.87397100 
C   -5.66011000 -6.71289300 -1.19991600 
H   -6.05704000 -7.18360100 -0.29461200 
H   -6.50810200 -6.47855700 -1.85610900 
H   -5.03736400 -7.45164100 -1.71573500 
H   -4.42397100 -5.04671000 -1.80063800 
H   -3.98340800 -5.72656700 -0.24644800 
H   -6.52282100 -4.12932700 -0.81485500 
C   -5.53094600 -1.75173000 -0.04822800 
C   -6.92870700 -1.62294100  0.05228800 
C   -7.53221400 -0.37043800  0.02015900 
C   -6.72712700  0.75510900 -0.13110800 
C   -5.34158800  0.66754600 -0.23663700 
C   -4.75079900 -0.58859800 -0.18397200 
H   -3.67361500 -0.68100900 -0.25472400 
H   -4.75029600  1.56881200 -0.35711700 
F   -7.30833400  1.96492000 -0.17618000 
H   -8.60679700 -0.25282300  0.10961900 
H   -7.55381900 -2.49749500  0.18817500 
N    2.98639600 -2.80294100  1.60956700 
C    3.12883400 -3.59965000  2.83924800 
H    2.48051600 -3.18459300  3.61626700 
H    4.16007300 -3.59785900  3.22649300 
H    2.82622800 -4.63241700  2.65170200 
C    3.73668100 -3.40669300  0.47829200 
H    3.53584500 -2.78788300 -0.40290800 
H    3.28362200 -4.38363100  0.28220200 
C    5.25557800 -3.56911500  0.63743800 
H    5.66155800 -4.01309500 -0.27831100 
H    5.76351600 -2.61115800  0.78994900 
H    5.51985100 -4.23246800  1.46739500 
C    3.41572500 -1.42053000  1.87819000 
H    4.44597000 -1.36500700  2.26468400 
H    3.35557400 -0.82765200  0.96248300 
H    2.74781700 -0.97545400  2.61982100 
 






           
AE(DMEA)2 
          G = –2108.624965 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Li   0.00000000  0.00000000  0.00000000 
N    1.66358300  1.14111800  0.20774900 
Si   2.50915200  0.80346400  1.67633400 
C    2.91868400 -1.04761600  1.89740700 
H    3.54524400 -1.41740900  1.07633300 
H    3.45746300 -1.23441100  2.83548200 
H    2.00823000 -1.66203200  1.92061000 
C    1.41502300  1.27982500  3.16411400 
H    1.90273800  1.01216600  4.11025500 
H    1.22281200  2.36144400  3.20213100 
H    0.44176600  0.77429200  3.14379800 
C    4.15312200  1.73985200  1.91124400 
H    4.89704300  1.47578000  1.14957400 
H    4.01109800  2.82691300  1.86678000 
H    4.59278600  1.50522300  2.88948400 
Si   2.45856100  1.37744200 -1.30569200 
C    3.35149500  3.05481400 -1.48344800 
H    2.65585100  3.89910800 -1.39071000 
H    4.13056400  3.18619400 -0.72322900 
H    3.83307400  3.14058600 -2.46655100 
C    1.17329800  1.34344000 -2.71816700 
H    1.65918100  1.48944600 -3.69141900 
H    0.63254500  0.38818400 -2.77287400 
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C    3.76479600  0.05403500 -1.73185200 
H    4.59597900  0.05881400 -1.01560800 
H    3.33909700 -0.95690300 -1.72734700 
H    4.19288800  0.22836900 -2.72762100 
Li   0.10852900  2.37584400  0.62950000 
O   -1.32258000  1.20810200  0.49015700 
C   -2.65806700  1.22096600  0.47820400 
C   -3.24715800  2.08178200 -0.60349400 
C   -4.29717700  2.98006200 -0.34251200 
C   -4.78558300  3.83527100 -1.32939700 
C   -4.21503800  3.79092400 -2.59655700 
C   -3.16806700  2.92707200 -2.89600300 
C   -2.68535300  2.08760700 -1.89145700 
H   -1.85656600  1.42291600 -2.11048300 
H   -2.74463000  2.92199000 -3.89552700 
F   -4.68381800  4.61543200 -3.55953600 
H   -5.59434400  4.53080200 -1.12893000 
H   -4.73901600  3.00447200  0.64795200 
C   -3.41436200  0.55961700  1.41648100 
C   -2.71856800 -0.01183400  2.64459300 
H   -1.74555000 -0.42500700  2.35457200 
H   -3.30659300 -0.84544300  3.04835500 
C   -2.47188100  1.02006900  3.76301900 
H   -1.94413300  0.56646900  4.61153300 
H   -1.86143200  1.84835500  3.38950600 
H   -3.40891800  1.44446400  4.14033700 
C   -4.87784500  0.33854600  1.30428800 
C   -5.49302600  0.00380400  0.07857300 
C   -6.85967300 -0.24885100 -0.01054800 
C   -7.66617800 -0.19824200  1.12895600 
C   -7.07851600  0.10530200  2.35733000 
C   -5.71084500  0.36541300  2.44266800 
H   -5.28400100  0.60471200  3.41174400 
H   -7.68698200  0.14377900  3.25797900 
H   -8.73141400 -0.40258500  1.06134400 
H   -7.29440200 -0.50330500 -0.97442400 
H   -4.88218100 -0.06429600 -0.81628000 
N   -0.08603500  4.46936700  0.92228700 
C   -0.40543100  5.00159400 -0.41398000 
H    0.39529200  4.73111000 -1.11014000 
H   -0.50315700  6.09848300 -0.42333100 
H   -1.33985600  4.56113100 -0.77271900 
C   -1.20780700  4.65041100  1.87866300 
H   -0.91892100  4.13912300  2.80528700 
H   -2.06474000  4.10577600  1.46864000 
C   -1.62698400  6.09051100  2.20602500 
H   -2.45375400  6.06696400  2.92453800 
H   -0.81436500  6.66808300  2.65918900 
H   -1.97821700  6.62947500  1.32023600 
C    1.16995600  5.05315700  1.41910900 
H    1.14170900  6.15332500  1.46177000 
H    1.37977100  4.67267600  2.42358800 
H    1.99197900  4.75737700  0.76133100 
N   -0.46488100 -1.98518500 -0.64246400 
C   -0.87275200 -2.74361600  0.55273200 
H   -0.06453600 -2.71856200  1.29124100 
H   -1.09304900 -3.79946500  0.33086000 
H   -1.76215800 -2.28499400  0.99241600 
C   -1.59121100 -1.81255100 -1.59683300 
H   -1.22193700 -1.17506800 -2.40995300 
H   -2.36538800 -1.24440400 -1.06919900 
C   -2.20709300 -3.08441800 -2.19609200 
H   -3.01016200 -2.80141100 -2.88537200 
H   -1.47806400 -3.67230900 -2.76360000 
H   -2.64715700 -3.72967200 -1.42927100 
C    0.70677700 -2.61939600 -1.26802900 
H    0.52241600 -3.66713400 -1.55270100 
H    0.99483700 -2.06073800 -2.16352800 
H    1.54522500 -2.59914700 -0.56596900 
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AZ(DMEA)2 
          G = –2108.624986 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Li   0.00000000  0.00000000  0.00000000 
N    1.32970900  1.43291000  0.59306500 
Si   2.36829900  0.92869300  1.88019700 
C    3.39210700 -0.62860100  1.47270500 
H    4.05886700 -0.46158800  0.61843600 
H    4.01543700 -0.93287200  2.32380900 
H    2.74550500 -1.48022000  1.22372600 
C    1.33013800  0.46365800  3.41165400 
H    1.98226500  0.14356600  4.23455100 
H    0.73086600  1.30382100  3.78837200 
H    0.64255600 -0.36350500  3.20027000 
C    3.62421800  2.23733400  2.47310500 
H    4.34842300  2.50570800  1.69400200 
H    3.12879400  3.16321600  2.79047800 
H    4.19637900  1.85926100  3.33048500 
Si   1.91855400  2.33848000 -0.75622500 
C    2.22168800  4.18768300 -0.39064600 
H    1.29999600  4.69283300 -0.07221100 
H    2.96697700  4.33318300  0.40013200 
H    2.58341900  4.71230300 -1.28497100 
C    0.63096800  2.32761700 -2.16538200 
H    1.02857300  2.83400800 -3.05428200 
H    0.34567600  1.31286800 -2.47511700 
H   -0.28741800  2.85305600 -1.87621100 
C    3.54575400  1.68675500 -1.50868300 
H    4.37992300  1.74748100 -0.79884000 
H    3.45918900  0.63869000 -1.82036800 
H    3.82912800  2.27210800 -2.39325300 
Li  -0.46603700  2.02826300  1.31506000 
O   -1.59649000  0.67562600  0.70412400 
C   -2.90915000  0.47589500  0.57650500 
C   -3.62409000  1.63146000 -0.07334100 
C   -4.71902200  2.27051700  0.53167900 
C   -5.32889100  3.38372500 -0.05162700 
C   -4.83230400  3.86021600 -1.25836100 
C   -3.74817300  3.26017600 -1.89078700 
C   -3.14853700  2.15596300 -1.28704900 
H   -2.29655900  1.68600700 -1.76671700 
H   -3.39121500  3.65688400 -2.83599500 
F   -5.41499800  4.93624100 -1.83134400 
H   -6.17300600  3.88086300  0.41583900 
H   -5.09924600  1.89299300  1.47624500 
C   -3.57902800 -0.66293100  0.95890200 
C   -2.90633900 -1.75306900  1.71201500 
C   -3.22628500 -3.11008700  1.49113200 
C   -2.63029600 -4.13572000  2.22714400 
C   -1.69652400 -3.84309000  3.22151100 
C   -1.37503200 -2.50599000  3.47050700 
C   -1.96762500 -1.48415700  2.73074800 
H   -1.71581300 -0.45295800  2.94695400 
H   -0.66490200 -2.25426500  4.25467000 
H   -1.23629100 -4.63951200  3.80016000 
H   -2.90194400 -5.16853400  2.02121500 
H   -3.95159100 -3.37448000  0.72742900 
C   -5.03818800 -0.90556400  0.59346200 
H   -5.12114200 -1.83180200  0.00548000 
H   -5.39385900 -0.11775700 -0.07432200 
C   -5.99179700 -1.02205600  1.79583600 
H   -7.01617300 -1.23315800  1.46506100 
H   -5.68372100 -1.82647600  2.47227300 
H   -6.01125000 -0.09349200  2.37924300 
N   -1.07946100  3.70800100  2.47100300 
C   -1.68106100  4.64461900  1.50511500 
H   -0.94639700  4.88209300  0.72878100 
H   -1.99478200  5.59220800  1.97062300 
H   -2.54974500  4.18039700  1.03150600 
C   -2.07607300  3.18467300  3.44023300 
H   -1.55830700  2.43874400  4.05603600 
H   -2.83090500  2.64614300  2.85757800 
C   -2.76756300  4.20443900  4.35550700 
H   -3.46694100  3.67816800  5.01456300 
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H   -3.34267400  4.94328600  3.78798700 
C    0.06974900  4.33922600  3.13953600 
H   -0.20163300  5.26896600  3.66423500 
H    0.50286000  3.64397400  3.86463300 
H    0.83394400  4.57726800  2.39464800 
N    0.12804200 -1.73574100 -1.22130400 
C    0.20366600 -2.87917100 -0.29373900 
H    1.08989100 -2.77053900  0.33933400 
H    0.28341800 -3.84350100 -0.81984500 
H   -0.68160200 -2.89872500  0.34556800 
C   -1.14479900 -1.72199400 -1.98845800 
H   -1.13023200 -0.81493200 -2.60639200 
H   -1.95421900 -1.59800800 -1.26092500 
C   -1.44034100 -2.93390900 -2.88298400 
H   -2.39364300 -2.77271300 -3.39859700 
H   -0.67343500 -3.08476300 -3.65023300 
H   -1.53302500 -3.85857800 -2.30436700 
C    1.30827000 -1.72170700 -2.09938600 
H    1.41199500 -2.64714400 -2.68791400 
H    1.24767900 -0.87554000 -2.79046300 
H    2.20877300 -1.60382900 -1.48979500 
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Table A.1.6. Optimized geometries at the B3LYP level of theory with 6-31G(d) basis set for 
relevant ground states of LiHMDS/DMEA-mediated enolization of 3-pentanone at –40 °C with 
free energies (Hartrees), corrected MP2 energies (kcal) and cartesian coordinates (X, Y, Z). 
(Note: GMP2 includes single-point MP2 corrections to B3LYP/6-31G(d) optimized structures.) 
 
 
           
3-pentanone 
          G = –271.667264 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
H    0.36944100  0.05245400  1.03607400 
H    0.78366900  0.39304900 -0.65835500 
C   -0.43145400 -1.42747100 -0.35907500 
H   -0.36819400 -1.58569300 -1.44243900 
H    0.17898100 -2.19202000  0.13156300 
C   -1.89873200 -1.42780000  0.09478400 
H   -2.50889400 -2.19240900 -0.39610500 
H   -1.96191900 -1.58645800  1.17808700 
C   -2.33082600 -0.00036200 -0.26378100 
H   -2.70107000  0.05220800 -1.29954200 
H   -3.11413200  0.39228800  0.39526100 
O   -1.16547600  0.82075200 -0.13234900 
 
      
O
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V: Transition State Computations 
 
 

























































A2(ketone)(Et3N) - Pro E A2(ketone)(Et3N) - Pro Z
A2(ketone)(DMEA) - Pro E A2(ketone)(DMEA) - Pro Z





























A(ketone)(THF)2 - Pro E A2(ketone)(THF)2 - Pro Z
A(ketone)(THF) - Pro E A2(ketone)(THF) - Pro Z
  94 
Table A.1.7. Optimized geometries at the B3LYP level of theory with 6-31G(d) basis set for 
transition states of LiHMDS/THF-mediated enolizations of 1-(4-fluorophenyl)-2-butan-1-one 
(ketone) at 0 °C with free energies (Hartrees), corrected MP2 energies (kcal), and cartesian 





           
A(ketone)(THF)  
Pro E 
          G = –1906.613695 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Si   0.00000000  0.00000000  0.00000000 
Li  -1.32550500  2.58027100 -0.06487000 
O   -2.93048400  2.98136500 -0.87063600 
C   -3.94871400  2.31517900 -0.50663300 
C   -5.08581100  3.14950000  0.02187400 
C   -6.43453300  2.85756500 -0.24247500 
C   -7.44905700  3.72797200  0.15047500 
C   -7.10827800  4.89043600  0.83144000 
C   -5.78581900  5.21872800  1.11037700 
C   -4.78390100  4.35213100  0.68463300 
H   -3.74430400  4.60167200  0.86673000 
H   -5.56148700  6.13844500  1.64098200 
F   -8.08719600  5.72868000  1.22948400 
H   -8.49186100  3.51481200 -0.06005300 
H   -6.69949000  1.94902900 -0.76835300 
C   -3.93565100  0.85697700 -0.57379100 
C   -5.11926200  0.12119500  0.00719300 
C   -6.00482600 -0.63663500 -0.78575100 
C   -7.10606300 -1.29406900 -0.23490600 
C   -7.36556500 -1.21603700  1.13368000 
C   -6.50737800 -0.46698000  1.93946000 
C   -5.40620100  0.18333500  1.38315000 
H   -4.75918800  0.76313200  2.03059700 
H   -6.69066500 -0.38921000  3.00836600 
H   -8.22058100 -1.73029300  1.56437100 
H   -7.76622500 -1.86554800 -0.88328300 
H   -5.85096800 -0.69858200 -1.85807700 
C   -3.45741500  0.33237600 -1.95143800 
H   -2.59952500  0.93376800 -2.25777400 
H   -4.23381700  0.52545600 -2.70930000 
C   -3.08593400 -1.15522700 -2.00062900 
H   -2.66853100 -1.41171500 -2.98213400 
H   -2.34231200 -1.40720100 -1.24132400 
H   -3.94808200 -1.80518500 -1.83086100 
N   -1.39810900  0.76051800  0.75437400 
Si  -1.61228200  0.70948900  2.49901700 
C   -2.46044200 -0.88102100  3.09190900 
H   -1.78812400 -1.73720200  2.95443600 
H   -2.70288900 -0.82436300  4.16127000 
H   -3.38366000 -1.10031200  2.54835400 
C   -0.00974600  0.81155300  3.52481400 
H    0.61075900  1.68048400  3.27668300 
H   -0.28704400  0.89875200  4.58409400 
H    0.61594900 -0.08286700  3.43032100 
C   -2.59702100  2.24359500  3.05454300 
H   -3.51954400  2.42031200  2.49375200 
H   -2.86632900  2.16795200  4.11587000 
H   -1.97665400  3.14555000  2.94867900 
O   -0.17256600  4.12001200 -0.09904800 
C    0.60085600  4.67573300  0.98610000 
H    1.67084500  4.54011600  0.77832100 
H    0.34532400  4.12162300  1.89298300 
C    0.21563700  6.15166500  1.01689100 
H   -0.74249300  6.28096300  1.53342700 
H    0.96318400  6.77155900  1.52028600 
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H   -0.58172700  7.32237700 -0.67740300 
H    1.05605700  6.69679700 -0.91340400 
C   -0.48563600  5.16439900 -1.06813700 
H   -1.57212900  5.17233200 -1.18650200 
H   -0.02656800  4.89684400 -2.02495300 
C    0.12119800 -1.87794900  0.26676700 
H    0.27284900 -2.11319400  1.32773600 
H   -0.77636900 -2.41379700 -0.06017500 
H    0.97577700 -2.29271200 -0.28348400 
C    1.65937400  0.72711000  0.60269400 
H    1.68151100  1.82063000  0.50736600 
H    1.90655900  0.47830400  1.63786800 
H    2.46604800  0.33358700 -0.03008800 
C    0.06422100  0.36510400 -1.87018600 
H   -0.07900500  1.43095300 -2.09761200 
H    1.06485600  0.09992000 -2.23559900 
H   -0.65951100 -0.19772400 -2.46332100 





           
A(ketone)(THF)  
Pro Z 
          G = –1906.621065 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
C    0.75993400  0.99703400  0.90634600 
C    0.16962300  2.33414000  1.05671000 
C   -1.26647800  2.66149700  0.77026500 
C   -2.30333900  1.77585000  1.10703800 
C   -3.63888700  2.14407000  0.95980100 
C   -3.92954600  3.40728500  0.45695500 
C   -2.93128300  4.31615000  0.11938100 
C   -1.60358100  3.94024100  0.29608900 
H   -0.80768500  4.64027600  0.06662600 
H   -3.20401500  5.29422100 -0.26345900 
F   -5.21910200  3.76644800  0.29856700 
H   -4.44847200  1.47392800  1.22932200 
H   -2.06532500  0.79813900  1.51163300 
O    0.87584500  3.30657000  1.44769800 
Li   2.72382300  3.30072000  1.13460600 
N    3.14551900  1.93274100 -0.25360900 
Si   4.62267900  1.11421100  0.22593200 
C    4.65044200 -0.73619900 -0.19577500 
H    4.45635200 -0.91390200 -1.26001800 
H    5.62922100 -1.17316400  0.04153700 
H    3.89765300 -1.28575400  0.38012900 
C    6.18501900  1.88048200 -0.55723500 
H    6.31357300  2.93155100 -0.27018500 
H    7.07019000  1.33698600 -0.20121900 
H    6.19589700  1.83408700 -1.65158600 
C    4.90060600  1.27382800  2.10074500 
H    4.13142700  0.76507200  2.68866000 
H    5.86874700  0.82859400  2.36585900 
H    4.93530100  2.32180800  2.43204600 
Si   2.95549400  2.60529400 -1.86006200 
C    3.53231000  1.46811900 -3.27380700 
H    4.59894800  1.22423300 -3.21210000 
H    2.98108000  0.52033000 -3.28342900 
H    3.36505000  1.95489700 -4.24360300 
C    3.89073600  4.25703700 -2.04767000 
H    3.57857800  4.97445100 -1.27609900 
H    4.97705800  4.13667100 -1.97129500 
H    3.67733700  4.71516500 -3.02243300 
C    1.13770200  3.02798400 -2.21192500 
H    0.75982800  3.79999200 -1.53240900 
H    1.04851500  3.42194200 -3.23248500 
H    0.46847200  2.16444600 -2.13618300 
O    3.49461900  4.90105800  1.86752600 
C    2.66276400  5.83337200  2.60817300 
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H    2.04337900  6.38981000  1.89419200 
C    3.64304000  6.74618200  3.34129700 
H    3.20988400  7.72477900  3.56754400 
H    3.96273600  6.28733300  4.28421100 
C    4.81621500  6.81535000  2.35072900 
H    4.59761800  7.53049100  1.54926300 
H    5.76154900  7.10691900  2.81711600 
C    4.85932000  5.38857800  1.79866300 
H    5.19173000  5.32813300  0.75893200 
H    5.48949100  4.73310400  2.41139100 
C    1.28627500  0.40724400  2.20004800 
C    1.58823700 -0.96849100  2.28221400 
C    2.04600800 -1.55636000  3.46272600 
C    2.21463800 -0.79603900  4.61859200 
C    1.90978200  0.56512700  4.56716300 
C    1.46172800  1.15471700  3.38574400 
H    1.22350300  2.21238200  3.39416700 
H    2.01469400  1.18054200  5.45805900 
H    2.56977500 -1.25257300  5.53835500 
H    2.26700200 -2.62117900  3.47217000 
H    1.45776600 -1.60216400  1.41368700 
H   -0.77015200  0.54367500 -0.55602600 
H   -0.53674100 -0.74500100  0.60637200 
C    0.84522700 -0.74684300 -1.04812800 
H    0.21065800 -1.44174400 -1.61211900 
H    1.29417600 -0.05162800 -1.76223700 
H    1.66289400 -1.32557900 -0.61007100 
H    1.96145400  1.38582800  0.24750500 






           
A(ketone)(THF)2  
Pro E 
          G = –2138.962624 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
C   -0.61478000  0.65436600  1.26273000 
C   -0.32802700  2.08189700  1.37640500 
C   -1.34158400  3.13341400  1.75843200 
C   -2.63394300  3.18111200  1.21115500 
C   -3.49067900  4.24759900  1.47931800 
C   -3.05345500  5.26302700  2.32045200 
C   -1.78205700  5.25382500  2.88383100 
C   -0.92982300  4.19594200  2.58088700 
H    0.07163600  4.17594700  2.99511800 
H   -1.47858400  6.06580500  3.53696200 
F   -3.88411200  6.29051600  2.59733800 
H   -4.48643100  4.29623800  1.05096200 
H   -2.97763100  2.38531900  0.56237700 
O    0.84566400  2.51983500  1.20169200 
Li   2.33941800  1.84557200  2.13834700 
O    3.73653100  2.22138900  0.61838500 
C    3.30741300  2.68529600 -0.68589300 
H    2.92388800  3.70768900 -0.58490700 
H    2.49026700  2.04439700 -1.02056600 
C    4.55497400  2.62929700 -1.56786600 
H    4.68311200  1.62497500 -1.98836600 
H    4.51238900  3.34255400 -2.39645100 
C    5.67318500  2.93291200 -0.55887000 
H    6.65928800  2.58630900 -0.88192000 
H    5.73656600  4.01204800 -0.37360700 
C    5.17733800  2.20015300  0.69106700 
H    5.51213700  1.15548900  0.70611300 
H    5.48040800  2.67691500  1.62860500 
O    3.16716200  3.32606500  3.30491800 
C    3.14506000  4.64716700  2.72066600 








  97 
H    3.95772800  4.73245100  1.98599300 
C    3.35797400  5.59915100  3.89416000 
H    3.74122200  6.57524500  3.58207000 
H    2.41660700  5.75593100  4.43373600 
C    4.34991400  4.80330800  4.75787200 
H    5.36866300  4.92177800  4.37024600 
H    4.35329000  5.10764900  5.80846200 
C    3.86396700  3.35887400  4.57426800 
H    4.67782100  2.62715500  4.54825600 
H    3.15735000  3.06335800  5.35641400 
C   -2.02721500  0.21053100  1.57016700 
C   -2.90680300 -0.24654700  0.56710900 
C   -4.21717900 -0.62951200  0.85524000 
C   -4.70061400 -0.56698600  2.16307500 
C   -3.85286900 -0.11097400  3.17238300 
C   -2.54243400  0.26632500  2.87668600 
H   -1.90661700  0.61974400  3.67866200 
H   -4.20791000 -0.05040500  4.19830800 
H   -5.71981200 -0.86825700  2.39031500 
H   -4.86352600 -0.97295700  0.05070400 
H   -2.57300700 -0.28212600 -0.46540100 
H    1.04589800  0.30825200 -0.06218400 
H   -0.48153000  0.39912400 -0.90774900 
C   -0.07704800 -1.53300600 -0.03596500 
H    0.46972300 -1.92242500 -0.90319600 
H    0.35673800 -1.97514900  0.86541100 
H   -1.10499200 -1.89584400 -0.10730000 
H    0.41312500  0.23698700  2.19110400 
C   -0.17508100 -1.29867100  5.06280800 
H    0.33429400 -2.26829200  5.11480200 
H   -0.63694000 -1.11994300  6.04307700 
H   -0.97886900 -1.39169400  4.32676200 
Si   1.06323800  0.08155200  4.63568600 
C    2.43994100 -0.11626200  5.94383800 
H    3.25532600  0.60762700  5.83634500 
H    1.99360600  0.03688200  6.93592100 
H    2.88337200 -1.11817000  5.94569200 
C    0.28376800  1.76878600  5.04458000 
H   -0.59629800  2.01588400  4.44466900 
H   -0.01957600  1.79751900  6.09926100 
H    1.01287200  2.57234400  4.88599500 
N    1.59653300  0.03890400  2.95986900 
Si   2.83679200 -1.13213000  2.52596500 
C    2.44852400 -2.93046300  3.01747500 
H    2.41873200 -3.06950500  4.10470800 
H    1.48251800 -3.26177900  2.61816000 
H    3.21850800 -3.60683300  2.62346000 
C    4.52478500 -0.70158400  3.31962400 
H    4.81244900  0.33807600  3.11213700 
H    4.54871100 -0.83530900  4.40442800 
H    5.30647100 -1.34410700  2.89252100 
C    3.26000700 -1.16202600  0.67049900 
H    3.43816800 -0.15464700  0.28086800 
H    4.19008700 -1.73358900  0.54933800 
H    2.50222400 -1.64150500  0.04807800 
       




           
A(ketone)(THF)2  
Pro Z 
          G = –2138.965538 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
C   -0.71891900  1.01807500 -0.91908800 
C    0.05818700  2.20760000 -1.28999400 
C    1.55621100  2.29602700 -1.18323700 
C    2.38164900  1.23163000 -1.57935500 








  98 
C    4.32463700  2.57962500 -1.20886600 
C    3.54041200  3.65870200 -0.81323800 
C    2.15628800  3.51226500 -0.82135700 
H    1.52008700  4.34434800 -0.54007200 
H    4.01818600  4.58647400 -0.51517300 
F    5.66643400  2.71587300 -1.21466100 
H    4.41597000  0.55770200 -1.92086400 
H    1.93488200  0.29375900 -1.89201000 
O   -0.51020700  3.24527700 -1.72358000 
Li  -2.16849900  3.92272500 -1.03735100 
O   -1.33246000  6.01375400 -0.75347600 
C   -0.67749600  6.41240100 -1.97991900 
H   -1.41286000  6.90025500 -2.63566000 
H   -0.30579700  5.50686300 -2.46147800 
C    0.41872600  7.39102700 -1.56235300 
H    1.31846400  6.84652700 -1.25225400 
H    0.69869700  8.07714100 -2.36751400 
C   -0.23008800  8.09214300 -0.36014000 
H    0.49243700  8.55309400  0.31997800 
H   -0.91738200  8.87500200 -0.70260700 
C   -1.00415900  6.94728100  0.30258100 
H   -0.39569400  6.42625300  1.05103700 
H   -1.93024200  7.27524800  0.78311400 
O   -3.34190000  4.68307900 -2.47618900 
C   -4.35658700  5.67781700 -2.21565500 
H   -3.86128400  6.60827500 -1.91088500 
H   -4.97806600  5.32283700 -1.38821800 
C   -5.12266900  5.84052400 -3.53020900 
H   -5.92786000  5.10020700 -3.59736100 
H   -5.56514300  6.83562700 -3.63468700 
C   -4.03490200  5.54320300 -4.57448400 
H   -4.43774700  5.23619600 -5.54406500 
H   -3.40490200  6.42681600 -4.73249700 
C   -3.23648400  4.42730500 -3.89705200 
H   -3.65737900  3.43677900 -4.10262600 
H   -2.17557200  4.42110200 -4.16153500 
C   -1.46923700  0.38929800 -2.07718500 
C   -1.97411700 -0.92332700 -1.96878500 
C   -2.63019400 -1.55409700 -3.02768900 
C   -2.80119900 -0.90395800 -4.24814600 
C   -2.29974800  0.39198000 -4.38411900 
C   -1.65633100  1.02651500 -3.32275800 
H   -1.27709200  2.03059600 -3.46965900 
H   -2.40256500  0.91782400 -5.33135400 
H   -3.30839700 -1.39459200 -5.07444300 
H   -3.00411600 -2.56611400 -2.89042300 
H   -1.85062100 -1.47584400 -1.04534100 
H    0.90932800  0.46165300  0.39702200 
H    0.33722600 -0.87128500 -0.58117400 
C   -0.79198600 -0.50694600  1.21702600 
H   -0.19946200 -1.25075900  1.76447900 
H   -1.01755000  0.30978600  1.90645600 
H   -1.74472800 -0.97168000  0.95026600 
H   -1.74435300  1.68315900 -0.20254000 
C   -4.55864500  0.02729700  0.80674000 
H   -4.24925900 -0.06132200  1.85408900 
H   -5.60699500 -0.29322800  0.74121000 
H   -3.96550300 -0.68141000  0.21836900 
Si  -4.37386700  1.79836400  0.13726700 
C   -5.73697000  2.82445100  0.99792700 
H   -5.73281800  3.87474100  0.68045000 
H   -6.71859400  2.40722500  0.73674100 
H   -5.66237400  2.81245100  2.09123400 
C   -4.90504900  1.72988800 -1.68238800 
H   -4.25007800  1.09848100 -2.28879000 
H   -5.91985700  1.31467400 -1.74448900 
H   -4.92423800  2.72733100 -2.13437100 
N   -2.76750400  2.47966800  0.36250300 
Si  -2.34577900  3.14256800  1.92762300 
C   -2.79527700  2.08617500  3.44995400 
H   -3.87686500  1.92771000  3.53453800 
H   -2.31986800  1.09945400  3.44479800 
H   -2.47181400  2.60227100  4.36404900 
C   -3.18958300  4.82651700  2.24775200 
H   -3.19861200  5.45947500  1.35315800 
H   -4.22968200  4.69955000  2.56607000 
H   -2.66889400  5.37817400  3.04208300 
C   -0.47045200  3.44623600  2.00865600 
H   -0.13596600  4.11737200  1.20955800 
H   -0.20335600  3.91023200  2.96685000 
H    0.10803500  2.51975400  1.92131700 
       
      
      
  99 
Table A.1.8. Optimized geometries at the B3LYP level of theory with 6-31G(d) basis set for 
transition states of LiHMDS/Et3N-mediated enolizations of 1-(4-fluorophenyl)-2-butan-1-one 
(ketone) at 0 °C with free energies (Hartrees), corrected MP2 energies (kcal), and cartesian 






           
A2(ketone)(Et3N)  
Pro E 
          G = –2847.219263 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Si   0.00000000  0.00000000  0.00000000 
C    1.77130400  0.44639600 -0.53198500 
H    2.46593000  0.43308100  0.31560500 
H    2.14273700 -0.27190700 -1.27488500 
H    1.82934500  1.44594500 -0.97879400 
C    0.08479500 -1.73764000  0.77708000 
H    0.72241900 -1.78237200  1.66656500 
H   -0.90828100 -2.10807500  1.05880000 
H    0.50114500 -2.44012500  0.04323500 
N   -0.70615200  1.21032800  1.06732200 
Si  -0.26518800  1.15446200  2.76650300 
C   -1.15578000 -0.24589400  3.70209700 
H   -2.24501200 -0.18045800  3.58525800 
H   -0.85232100 -1.24189800  3.36615700 
H   -0.93930000 -0.17890700  4.77673500 
C   -0.80763100  2.73582700  3.67869900 
H   -0.70567700  2.56770500  4.75875900 
H   -0.20708200  3.61740000  3.43590000 
H   -1.85590600  2.98940000  3.49471000 
C    1.59811600  0.97945800  3.11288500 
H    2.00487700  0.02009100  2.77355900 
H    2.17152400  1.77435700  2.62129000 
H    1.78740200  1.05014300  4.19212000 
Li  -2.70523400  1.67896000  0.99066100 
N   -4.78790000  1.51565000  1.02179800 
Si  -5.28943200  0.55394500 -0.33561100 
C   -4.62221600 -1.23007900 -0.29700500 
H   -5.13976400 -1.82262400  0.46677800 
H   -4.77187800 -1.73434800 -1.26067100 
H   -3.55212400 -1.27275600 -0.06336800 
C   -4.66325000  1.36393700 -1.94859300 
H   -5.00705100  0.79163300 -2.81974800 
H   -5.04105200  2.38896100 -2.07459800 
H   -3.56995800  1.40771600 -2.00952000 
C   -7.17380000  0.36562500 -0.57445900 
H   -7.64047800 -0.19838900  0.24200000 
H   -7.69133500  1.33001800 -0.64539700 
H   -7.37627200 -0.18522700 -1.50264000 
Si  -5.52949800  1.28155700  2.57494700 
C   -7.33965700  1.88720000  2.69106000 
H   -7.42512800  2.96946000  2.52579600 
H   -7.99953800  1.39311400  1.96996500 
H   -7.73969000  1.68618400  3.69395300 
C   -4.61578400  2.28311300  3.91385700 
H   -5.19425700  2.27882700  4.84667200 
H   -3.62962000  1.86740000  4.14598300 
H   -4.47404900  3.33532900  3.62962300 
C   -5.55904700 -0.52380200  3.18016000 
H   -6.22206200 -1.14972300  2.57036900 
H   -4.56263600 -0.98139700  3.15419500 
H   -5.92219600 -0.57868800  4.21476500 
Li  -4.57222000  3.43967700  0.55392900 
O   -2.69970500  3.70875600  0.66390000 










  100 
C   -1.52469100  5.65464200  1.28544400 
C   -0.81885300  6.74839200  0.75177000 
C   -0.85974800  7.99625700  1.36764100 
C   -1.59518800  8.14078700  2.53951200 
C   -2.30295800  7.08263100  3.10217500 
C   -2.27500800  5.84841000  2.45963500 
H   -2.82284700  5.01292400  2.88007900 
H   -2.85628900  7.23515800  4.02304200 
F   -1.62521600  9.34109700  3.14741000 
H   -0.32848400  8.84913600  0.95868600 
H   -0.24056100  6.62635200 -0.15615000 
C   -0.50963600  3.73514300 -0.18422300 
C   -0.98519200  3.24335700 -1.57377700 
H   -1.77143300  2.49947900 -1.43410000 
H   -0.15664800  2.71289400 -2.05256000 
C   -1.52014500  4.33565100 -2.51360600 
H   -1.78911200  3.90733800 -3.48677000 
H   -2.42137700  4.80137700 -2.09916700 
H   -0.78960800  5.13188100 -2.69072900 
C    0.88424600  4.31515900 -0.13415300 
C    1.51731700  4.53887100  1.10384600 
C    2.82074200  5.02274500  1.18754000 
C    3.55124800  5.28604200  0.02702300 
C    2.95580600  5.05025400 -1.21067800 
C    1.64598800  4.57066000 -1.28970000 
H    1.22331500  4.39592900 -2.27252200 
H    3.50980100  5.23752800 -2.12723400 
H    4.57073200  5.65685700  0.08804400 
H    3.27001100  5.18245900  2.16448800 
H    0.97767600  4.32596700  2.01911700 
N   -5.86494100  5.09602400  0.08711000 
C   -6.00935800  5.68017500  1.44176700 
H   -6.08638800  4.84462900  2.15178200 
H   -5.06399800  6.18797000  1.66387300 
C   -7.18237300  6.62978400  1.73169800 
H   -7.18993600  7.50787700  1.08078500 
H   -8.14635400  6.12076100  1.63429300 
H   -7.10417400  6.97997400  2.76798500 
C   -5.08421200  5.91211000 -0.87140100 
H   -5.12354900  5.38471300 -1.83270400 
H   -4.03811700  5.88189400 -0.54279400 
C   -5.46006300  7.38783900 -1.08280900 
H   -4.80207300  7.81244100 -1.85049200 
H   -6.49284700  7.52292400 -1.41373700 
H   -5.31186100  7.97405500 -0.17046600 
C   -7.08066600  4.45411000 -0.46754500 
H   -6.74483100  3.65942300 -1.14584900 
H   -7.57486100  3.94712500  0.36776600 
C   -8.10445800  5.31042000 -1.22938100 
H   -7.67994400  5.72808800 -2.14798000 
H   -8.94555500  4.67121800 -1.52347600 
H   -8.50302000  6.13338200 -0.63077500 
C   -0.98341100 -0.26125500 -1.60924500 
H   -2.05609300 -0.39823600 -1.43922900 
H   -0.85748400  0.54990600 -2.33204500 
H   -0.61809100 -1.17841000 -2.08994000 
H   -0.47988600  2.58032300  0.46671200 
       




           
A2(ketone)(Et3N)  
Pro Z 
          G = –2847.21147 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Si   0.00000000  0.00000000  0.00000000 
C   -1.58246100  0.79122700  0.70637500 
H   -2.16539100  1.31944600 -0.05470300 










  101 
H   -1.37757300  1.49412000  1.51899400 
C   -0.62034000 -1.40012600 -1.13582600 
H   -1.27272300 -1.04410400 -1.94145000 
H    0.20552900 -1.95330600 -1.59851400 
H   -1.20295700 -2.11669000 -0.54150100 
N    1.13133100  1.08401000 -0.80244900 
Si   0.66859900  1.67920800 -2.39020200 
C    0.88169900  0.41473000 -3.79701000 
H    1.92720400  0.10760800 -3.91353000 
H    0.28499400 -0.49247000 -3.66109500 
H    0.57047400  0.87347300 -4.74545600 
C    1.71077900  3.16317600 -2.96081800 
H    1.34183800  3.47307500 -3.94728600 
H    1.63908400  4.03468900 -2.30331300 
H    2.77032800  2.91866600 -3.08313100 
C   -1.13525400  2.29079100 -2.49616700 
H   -1.86716500  1.48115500 -2.39459000 
H   -1.36024700  3.03778800 -1.72501100 
H   -1.30883900  2.76266100 -3.47216600 
Li   2.99915400  0.23434600 -0.39615300 
N    4.66195500 -1.08232300 -0.54248900 
Si   4.80229100 -2.29614500  0.69476700 
C    3.62895800 -3.78306700  0.47457100 
H    3.93589400 -4.40770800 -0.37386900 
H    3.64147100 -4.42198100  1.36726000 
H    2.58990900 -3.48274800  0.29683400 
C    4.47034800 -1.54221900  2.41161500 
H    5.17004200 -0.72892100  2.64433100 
H    3.45912300 -1.14081300  2.52371000 
H    4.60548400 -2.30908000  3.18567400 
C    6.53378300 -3.09154700  0.87270200 
H    6.87884800 -3.57524500 -0.04728000 
H    7.30446100 -2.36914900  1.17108100 
H    6.50148600 -3.86211300  1.65476900 
Si   4.83796600 -1.49063000 -2.21992000 
C    6.35098000 -2.55904400 -2.67932400 
H    7.29593600 -2.13553400 -2.31779800 
H    6.27199700 -3.57716200 -2.28052900 
H    6.42563800 -2.64526600 -3.77155500 
C    5.05356800  0.12463100 -3.21985300 
H    5.15341000 -0.08934500 -4.29137200 
H    4.19901000  0.80333800 -3.10709800 
H    5.96050100  0.66986100 -2.91882100 
C    3.34246900 -2.41398300 -2.94760100 
H    3.27663600 -3.43138300 -2.54408600 
H    2.39715400 -1.91055700 -2.71775900 
H    3.41448800 -2.49795900 -4.03992900 
Li   5.59110700  0.61300200 -0.08355400 
O    4.14453600  1.83715000  0.09602200 
C    3.61449800  2.99676000  0.14407200 
C    4.35644800  4.08068500 -0.57359300 
C    4.53765100  5.35193400 -0.00551000 
C    5.31425000  6.32122500 -0.63739500 
C    5.89506600  6.01572100 -1.86301400 
C    5.74240000  4.76705000 -2.45850100 
C    4.98972800  3.80128900 -1.79746200 
H    4.87701400  2.81939400 -2.24207800 
H    6.20904200  4.56797200 -3.41771300 
F    6.63270700  6.95148900 -2.48839300 
H    5.47008000  7.30059600 -0.19745300 
H    4.09048300  5.58152900  0.95335000 
C    2.30557400  3.15897700  0.76866300 
C    2.14134200  2.58753000  2.16830000 
C    0.86648800  2.58372400  2.76122700 
C    0.66522100  2.12727700  4.06363500 
C    1.73897200  1.65409000  4.81788800 
C    3.01266800  1.65119800  4.24888700 
C    3.20957700  2.11268700  2.94652200 
H    4.21151900  2.09579600  2.53224500 
H    3.86400700  1.29022700  4.82035900 
H    1.58631600  1.29450300  5.83166000 
H   -0.33671900  2.13893200  4.48499000 
H    0.01625700  2.94961200  2.19640500 
C    1.52280200  4.47606800  0.53295100 
H    0.48694900  4.20499700  0.28671200 
H    1.90823500  4.95135400 -0.37334200 
C    1.47203300  5.52023300  1.66256100 
H    0.97120600  6.42767100  1.30512600 
H    0.92005200  5.15663800  2.53263100 
H    2.46536700  5.81017100  2.02157200 
N    7.63520800  1.15123400  0.43997200 
C    7.81315400  2.56289900  0.03282300 
H    7.36151900  2.67238800 -0.96017300 
H    7.19814000  3.16654700  0.71030400 
C    9.23033800  3.15471500 -0.04069400 
H    9.76657400  3.10577000  0.91019800 
H    9.83720700  2.65404700 -0.80188900 
H    9.15366200  4.20963900 -0.32993300 
C    7.55712100  0.91935800  1.90065200 
H    7.50364900 -0.16526900  2.04389600 
H    6.59184300  1.32210100  2.24128800 
C    8.64161800  1.50198900  2.82150000 
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H    8.43346400  1.18789500  3.85136100 
H    9.64646300  1.15904100  2.56296900 
H    8.63720900  2.59637400  2.80903000 
C    8.44396000  0.17081500 -0.32516800 
H    7.87603100 -0.76564600 -0.35734700 
H    8.48147600  0.54097500 -1.35721700 
C    9.86648600 -0.16178800  0.15092400 
H    9.85860100 -0.64435800  1.13364800 
H    10.3154920 -0.87236000 -0.55314100 
H    10.5168980  0.71513900  0.20436100 
C    0.85411100 -0.88356900  1.44632800 
H    1.64173400 -1.56611900  1.10618200 
H    1.28764200 -0.19005200  2.17346600 
H    0.12004500 -1.49992400  1.98175800 
H    1.69410900  2.24853600  0.03122600 
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Table A.1.9. Optimized geometries at the B3LYP level of theory with 6-31G(d) basis set for 
transition states of LiHMDS/DMEA-mediated enolizations of 1-(4-fluorophenyl)-2-butan-1-one 
(ketone) at 0 °C with free energies (Hartrees), corrected MP2 energies (kcal), and cartesian 





           
A2(ketone)(DMEA)  
Pro E 
          G = –2768.63968 





Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Si   0.00000000  0.00000000  0.00000000 
C    1.80308200 -0.30280000 -0.52651000 
H    2.42835200 -0.60177500  0.32256900 
H    1.85479900 -1.10653600 -1.27300100 
H    2.26527300  0.58862600 -0.96634300 
C   -0.62406400 -1.63732500  0.75057300 
H   -0.07119200 -1.94774900  1.64405700 
H   -1.68694200 -1.58788400  1.01656500 
H   -0.51017500 -2.43608900  0.00584600 
N   -0.16559100  1.38182200  1.07863800 
Si   0.17866400  1.12902400  2.78283100 
C   -1.23665800  0.21200300  3.66884200 
H   -2.19671200  0.72507700  3.52941700 
H   -1.36340200 -0.81523300  3.31416000 
H   -1.04473900  0.16845500  4.74929300 
C    0.33127000  2.78365200  3.71576600 
H    0.22483900  2.59308200  4.79151100 
H    1.30253000  3.26737800  3.57457600 
H   -0.44361500  3.50540600  3.44162900 
C    1.79484500  0.19482700  3.14969700 
H    1.77229500 -0.84704100  2.81084300 
H    2.65073800  0.68282200  2.66820800 
H    1.98412600  0.18224900  4.23126200 
C   -1.00227300  0.17210700 -1.60931000 
H   -2.05225500  0.42700700 -1.43164300 
H   -0.59054400  0.90811400 -2.30594000 
H   -0.99300200 -0.79719800 -2.12511400 
Li  -1.80186400  2.61318200  0.98420000 
N   -3.76337500  3.31837200  1.00612200 
Si  -4.61406200  2.66698800 -0.36059800 
C   -4.75915500  0.76814300 -0.33784600 
H   -5.47358000  0.44306200  0.42796400 
H   -5.11306400  0.38127300 -1.30242100 
H   -3.80561600  0.27611700 -0.11368500 
C   -3.69251900  3.16154900 -1.95950800 
H   -4.21086100  2.76587300 -2.84226400 
H   -3.64615700  4.25360700 -2.08244300 
H   -2.66483400  2.78209200 -1.99799300 
C   -6.39917700  3.29513500 -0.60481900 
H   -7.06402600  2.97675300  0.20676600 
H   -6.45445100  4.38879200 -0.66598500 
H   -6.81318400  2.89154600 -1.53836100 
Si  -4.54379600  3.43194500  2.55290100 
C   -5.90830100  4.76826700  2.64776200 
H   -5.50529200  5.77604300  2.47705000 
H   -6.71150800  4.60868100  1.92025800 
H   -6.36551100  4.77401000  3.64619000 
C   -3.29782100  3.95154000  3.89647700 
H   -3.82444200  4.17015500  4.83438000 
H   -2.56173400  3.17107000  4.11549700 
H   -2.74489000  4.86093700  3.62139000 
C   -5.35806300  1.81921400  3.15424900 
H   -6.22731600  1.54608800  2.54304600 
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H   -5.70958800  1.92417500  4.18896000 
Li  -2.78125600  4.98068700  0.54129700 
O   -0.96680700  4.46991200  0.67432400 
C    0.30024500  4.61768500  0.60608100 
C    0.86615200  5.80732900  1.30711700 
C    1.95560400  6.52126400  0.77573000 
C    2.39799100  7.69943200  1.37071700 
C    1.75690200  8.15026800  2.52016000 
C    0.67906800  7.47016300  3.07994600 
C    0.23057600  6.30867400  2.45755400 
H   -0.61082300  5.76665000  2.87435700 
H    0.21352400  7.85124600  3.98300900 
F    2.19055600  9.28007700  3.10862300 
H    3.23006200  8.26408400  0.96364400 
H    2.45592600  6.15710400 -0.11358200 
C    1.07150900  3.61690500 -0.12190800 
C    0.48705000  3.37462800 -1.53571900 
H   -0.55329700  3.06030500 -1.43513200 
H    1.01166200  2.52794900 -1.98808000 
C    0.53542500  4.58594500 -2.48093800 
H    0.14331000  4.31899700 -3.46987200 
H   -0.07652500  5.40939500 -2.09511500 
H    1.55194700  4.96875600 -2.61823400 
C    2.57712300  3.57953100 -0.01593000 
C    3.20339400  3.59174100  1.24587400 
C    4.58591500  3.49581000  1.38331300 
C    5.40019900  3.36619700  0.25623800 
C    4.80379400  3.32879000 -1.00257000 
C    3.41685900  3.43140000 -1.13602800 
H    2.99602600  3.39027900 -2.13414300 
H    5.41654600  3.21754900 -1.89374000 
H    6.47868400  3.28454500  0.35991700 
H    5.02637000  3.51128300  2.37708600 
H    2.59354100  3.67890100  2.13726400 
N   -3.26771700  6.96681400 -0.01789500 
C   -3.16393500  7.78436800  1.20352200 
H   -3.81717400  7.36558000  1.97587400 
H   -3.46293200  8.83161600  1.04188300 
H   -2.13350200  7.76751700  1.57070400 
C   -2.27195900  7.37077600 -1.04415500 
H   -2.35288300  6.64778700 -1.86531000 
H   -1.28208900  7.23313800 -0.59495700 
C   -2.38171600  8.79263400 -1.61159000 
H   -1.58635300  8.94479000 -2.34946500 
H   -3.33658000  8.96472300 -2.11864800 
H   -2.26110000  9.55778100 -0.83793500 
C   -4.64598200  7.00177800 -0.53743500 
H   -4.99344300  8.02485000 -0.74843600 
H   -4.70607400  6.41574100 -1.45935000 
H   -5.32052000  6.55444700  0.19739700 
H    0.60526400  2.54450700  0.50693600 
       
    
 
           
A2(ketone)(DMEA)  
Pro Z 
          G = –2768.631864 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Si   0.00000000  0.00000000  0.00000000 
C    1.33079700 -1.34437800  0.22685800 
H    1.85812300 -1.56977200 -0.70578000 
H    2.07986000 -0.99634300  0.95074600 
H    0.92053300 -2.28300700  0.61184900 
C    0.93106200  1.49933800 -0.72379900 
H    1.45787900  1.26079800 -1.65518600 
H    0.26221600  2.34396600 -0.92890200 
H    1.68602800  1.84387500 -0.00478900 
N   -1.39037200 -0.46430900 -0.97575900 
Si  -1.14702300 -0.69730000 -2.69857200 
C   -0.98629600  0.93768400 -3.66075100 
H   -1.84695300  1.59696800 -3.49973300 
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H   -0.92869500  0.73458900 -4.73851800 
C   -2.60829700 -1.59907500 -3.51762100 
H   -2.40478500 -1.67903500 -4.59340700 
H   -2.75573300 -2.61627900 -3.14193100 
H   -3.55549600 -1.05999200 -3.41609500 
C    0.38490000 -1.73482000 -3.15566900 
H    1.32493800 -1.21760200 -2.93185800 
H    0.40381900 -2.69623100 -2.62824800 
H    0.38081800 -1.94845800 -4.23257500 
Li  -2.96802900  0.75066200 -0.44882400 
N   -4.22117400  2.42316100 -0.23874600 
Si  -3.81735100  3.35979600  1.16612600 
C   -2.05467000  4.07926700  1.14489100 
H   -1.96616600  4.84699900  0.36641800 
H   -1.81207800  4.55559500  2.10400100 
H   -1.28330900  3.32803300  0.94643500 
C   -3.99947500  2.25040700  2.71151500 
H   -3.67237100  2.78466000  3.61263700 
H   -5.04947800  1.96824700  2.87953600 
H   -3.41508800  1.32480200  2.65623300 
C   -4.93307700  4.87101400  1.50999400 
H   -4.79475200  5.66404100  0.76534900 
H   -6.00017200  4.61908000  1.52727800 
H   -4.68051200  5.30175800  2.48812800 
Si  -4.59844800  3.16776100 -1.75760000 
C   -6.18295600  4.23513000 -1.76445700 
H   -7.06355200  3.66176800 -1.44399600 
H   -6.10819300  5.10936000 -1.10970100 
H   -6.38929100  4.60079200 -2.77925600 
C   -4.96014600  1.81284500 -3.05209500 
H   -5.15234200  2.25848000 -4.03635300 
H   -4.13203400  1.10595100 -3.17533400 
H   -5.85649200  1.23636300 -2.78313100 
C   -3.21851700  4.27874700 -2.45133500 
H   -3.08575400  5.18003100 -1.83960200 
H   -2.25286500  3.76027200 -2.47960400 
H   -3.44924200  4.60923800 -3.47232400 
Li  -5.48472700  0.98718200  0.26391000 
O   -4.43411500 -0.58323200  0.02623900 
C   -4.27851600 -1.82722000 -0.19156300 
C   -5.40481800 -2.51232400 -0.90425100 
C   -5.99396300 -3.65851700 -0.34664700 
C   -7.11659100 -4.24623200 -0.92842500 
C   -7.63310200 -3.68700500 -2.09156200 
C   -7.08076400 -2.54756700 -2.67005500 
C   -5.98020400 -1.95311600 -2.05737000 
H   -5.55197400 -1.05540100 -2.48807300 
H   -7.51323200 -2.14351800 -3.57958200 
F   -8.70527000 -4.25809900 -2.67101200 
H   -7.58809000 -5.12319100 -0.49749700 
H   -5.59187900 -4.07503700  0.56976000 
C   -3.03077300 -2.48718800  0.17576900 
C   -2.63013200 -2.41224800  1.63893500 
C   -1.43000100 -3.01307700  2.05902500 
C   -1.04251400 -3.01602500  3.39925800 
C   -1.84432300 -2.41187500  4.36744400 
C   -3.03872200 -1.80892800  3.97113900 
C   -3.42524400 -1.81165500  2.63040000 
H   -4.35835600 -1.33215300  2.35601300 
H   -3.68036600 -1.33379800  4.70915300 
H   -1.54408700 -2.40982700  5.41155200 
H   -0.10569200 -3.48923200  3.68214800 
H   -0.78616200 -3.48971800  1.32800200 
C   -2.69426900 -3.83212900 -0.52040400 
H   -1.62642800 -3.79712700 -0.77646200 
H   -3.20967400 -3.85505200 -1.48590200 
C   -2.95577000 -5.16327100  0.20477200 
H   -2.54027600 -5.98882500 -0.38538200 
H   -2.49077400 -5.19566800  1.19353000 
H   -4.02222100 -5.36750300  0.33452500 
N   -7.51466400  0.84386900  0.87739400 
C   -8.29513000  0.64712600 -0.35730000 
H   -8.08770300  1.46924200 -1.04991600 
H   -9.38079800  0.62589800 -0.17575800 
H   -8.00150100 -0.29252400 -0.83373700 
C   -7.60785900 -0.32576700  1.78900100 
H   -6.92378400 -0.13116000  2.62463600 
H   -7.20670600 -1.18613100  1.24193600 
C   -8.99484100 -0.67866000  2.34361900 
H   -8.90661100 -1.55651300  2.99312600 
H   -9.42118300  0.13148700  2.94395700 
H   -9.70641400 -0.92854300  1.54984600 
C   -7.92431200  2.09642900  1.53613600 
H   -8.99812500  2.11665200  1.77775100 
H   -7.35592000  2.23085400  2.46099800 
H   -7.70653600  2.93932100  0.87469900 
C   -0.52853800  0.52486500  1.74595500 
H   -1.30942100  1.29211100  1.74658100 
H   -0.88482500 -0.31360600  2.34951800 
H    0.33689600  0.96038500  2.26300000 
H   -2.22067000 -1.59828600 -0.38462400 
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Table A.1.10. Optimized geometries at the B3LYP level of theory with 6-31G(d) basis set for 
transition states of LiHMDS/DMEA-mediated enolizations of 3-pentanone (3-pent) at –40 °C 
with free energies (Hartrees), corrected MP2 energies (kcal), and cartesian coordinates (X, Y, Z). 




           
A2(3-pent)(DMEA)  
Pro E 
          G = –2246.750700 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Si   0.00000000  0.00000000  0.00000000 
N    0.26863300  0.64064800 -1.58791600 
Li   2.00761400  1.74758000 -1.75112100 
Si   0.01858700 -0.30297600 -3.01972400 
C    1.43581000 -1.52004800 -3.38999400 
H    1.46397300 -2.31849400 -2.63842800 
H    1.31009000 -1.99622900 -4.37127800 
H    2.41908100 -1.03631600 -3.38126900 
C   -0.13893700  0.87937600 -4.51390500 
H   -0.15411300  0.32080800 -5.45841400 
H   -1.07196500  1.45824900 -4.47424300 
H    0.68781500  1.59685300 -4.57821800 
C   -1.56161400 -1.37257200 -3.04459200 
H   -1.52644600 -2.17424000 -2.29680600 
H   -2.46969700 -0.78768800 -2.85602800 
H   -1.67651600 -1.85262600 -4.02555300 
Li  -0.50065400  2.46546900 -1.76979700 
N   -2.48047900  3.25691100 -2.03618700 
C   -2.96788400  3.73506900 -0.73131300 
H   -2.94865200  2.90880100 -0.01381300 
H   -3.99883700  4.11934600 -0.77651600 
H   -2.31700400  4.53038000 -0.35908600 
C   -2.30272500  4.36350200 -3.01157200 
H   -1.85887200  3.92230700 -3.91248500 
H   -1.54987300  5.03956500 -2.58976100 
C   -3.54981600  5.16736600 -3.40446800 
H   -3.26515100  5.93650300 -4.13081300 
H   -4.31548500  4.54072800 -3.87339100 
H   -4.00207200  5.67686000 -2.54731700 
C   -3.38245800  2.20768900 -2.54336500 
H   -4.42509500  2.55155000 -2.62687300 
H   -3.04626600  1.87298600 -3.52816000 
H   -3.35716400  1.35208300 -1.86330700 
O    0.99602200  3.59224000 -1.73557700 
C    1.79483600  4.58777300 -1.76360500 
C    1.64925400  5.69923400 -0.73692500 
C    0.52581400  5.53129600  0.28155500 
H    0.63128200  4.60020100  0.84593800 
H   -0.45291900  5.51819100 -0.20737000 
H    0.53217700  6.36351500  0.99335500 
H    1.52858600  6.64253200 -1.29038300 
H    2.61207500  5.80227600 -0.22025600 
C    2.90060500  4.59682100 -2.66891300 
H    2.62848700  4.14523300 -3.62799100 
C    3.78978400  5.82520000 -2.80531100 
H    4.24050300  6.11782800 -1.84979800 
H    4.61532300  5.61543000 -3.49312700 
H    3.25633100  6.70255400 -3.19838700 
C   -1.84059100 -0.28092200  0.43149400 
H   -2.42160400  0.65013500  0.37876900 
H   -2.31988000 -1.00479600 -0.23702200 
H   -1.94175100 -0.66272200  1.45609500 
C    0.61017400  1.24958100  1.30389400 
H    0.39200700  0.88770700  2.31683600 
H    1.69070300  1.42593100  1.25196400 
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C    0.86454100 -1.66042900  0.34671000 
H    0.45024600 -2.46680700 -0.27157400 
H    1.94106000 -1.61445100  0.14395000 
H    0.73694600 -1.95797200  1.39574300 
Si   4.86182500  1.59913200 -3.33977400 
C    6.28777300  2.73084200 -3.89641700 
H    7.08439800  2.79988000 -3.14848700 
H    6.73713400  2.35475900 -4.82498600 
H    5.93427800  3.75025000 -4.09521500 
C    5.57731700 -0.14997100 -3.12629500 
H    6.37582400 -0.18616400 -2.37574300 
H    4.80672000 -0.86862700 -2.82221900 
H    6.00482700 -0.50522400 -4.07307300 
N    4.03218600  2.18351000 -1.91015000 
Si   4.80982400  2.10837800 -0.34433600 
C    4.59019900  0.40621500  0.47279800 
H    3.53505000  0.12238000  0.55746700 
H    5.09074800 -0.37816300 -0.10692900 
H    5.01700800  0.39397600  1.48432800 
C    4.05229900  3.41297100  0.81676700 
H    4.43040900  3.27484800  1.83759600 
H    4.33280200  4.42612400  0.50255700 
H    2.95849600  3.36534400  0.86693700 
C    6.68006200  2.47169600 -0.33096200 
H    7.26348400  1.72827500 -0.88664900 
H    6.90830000  3.45696100 -0.75501100 
H    7.04865900  2.46494300  0.70344900 
C    3.67691600  1.52488200 -4.82542600 
H    2.86794400  0.80103700 -4.68446000 
H    3.22149100  2.49721100 -5.05038700 
H    4.23122900  1.21597500 -5.72132600 
H    3.56086600  3.53216400 -2.22340400 
       
      
 
 
           
A2(3-pent)(DMEA)  
Pro Z 
          G = = –2246.744211 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Si   0.00000000  0.00000000  0.00000000 
N   -0.25828400 -0.67737400 -1.57682300 
Li  -1.93223800 -1.86317000 -1.73567200 
Si  -0.03474100  0.27815200 -3.00668400 
C   -1.47518100  1.47418700 -3.35659300 
H   -1.48153400  2.29162200 -2.62575900 
H   -1.39167100  1.92522600 -4.35403000 
H   -2.45318200  0.98288500 -3.29568100 
C    0.14122800 -0.89041400 -4.50812100 
H    0.15866000 -0.32409200 -5.44792500 
H    1.07967500 -1.46054900 -4.46450700 
H   -0.67944000 -1.61329600 -4.58521500 
C    1.53269900  1.36752400 -3.03433900 
H    1.50574100  2.15355800 -2.26990000 
H    2.44849000  0.78578800 -2.87354100 
H    1.62744500  1.86812200 -4.00716700 
Li   0.59845500 -2.46908100 -1.73747300 
N    2.55354500 -3.25747800 -2.09980200 
C    3.00283700 -3.88686000 -0.84705300 
H    2.96916800 -3.15002200 -0.03777600 
H    4.03194200 -4.27367700 -0.90849200 
H    2.33581400 -4.71495900 -0.59126800 
C    2.37803000 -4.25067500 -3.19116000 
H    1.96727000 -3.70769100 -4.05070000 
H    1.60109300 -4.94942500 -2.85976200 
C    3.62005300 -5.03585500 -3.63452400 
H    3.34068100 -5.72083500 -4.44251200 
H    4.40894000 -4.38056000 -4.01784700 
H    4.04013000 -5.63909600 -2.82310200 
C    3.47855400 -2.17345400 -2.47430600 
H    4.51702800 -2.52221300 -2.58528100 
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H    3.45774600 -1.39936500 -1.70241000 
O   -0.81498500 -3.67338300 -1.58849300 
C   -1.59896300 -4.67478000 -1.48050400 
C   -1.41281300 -5.65976500 -0.33477700 
C   -0.55617400 -5.20847600  0.84643300 
H   -1.01031000 -4.36696600  1.37618000 
H    0.44146600 -4.89782200  0.52330200 
H   -0.43804600 -6.02975400  1.56163800 
H   -0.96827000 -6.55941400 -0.79093100 
H   -2.40401400 -5.98003600  0.00616600 
C   -2.68367200 -4.86403900 -2.38905900 
H   -3.28105000 -5.75084300 -2.16007500 
C   -2.38652000 -4.73012300 -3.88317200 
H   -1.87484100 -5.62367500 -4.26735100 
H   -3.30648700 -4.60789100 -4.46212600 
H   -1.74496600 -3.86857900 -4.08823000 
C    1.84907300  0.18648300  0.44869100 
H    2.36286400 -0.78546900  0.45376500 
H    2.38336800  0.83771500 -0.25247100 
H    1.96773000  0.61451100  1.45284700 
C   -0.70027800 -1.15368400  1.34259700 
H   -0.47089900 -0.75877300  2.34074400 
H   -1.78935400 -1.26192900  1.28327200 
H   -0.26453400 -2.15894400  1.28318900 
C   -0.78795200  1.71049600  0.27795900 
H   -0.34477100  2.47904800 -0.36705900 
H   -1.86646700  1.69759000  0.07845000 
H   -0.64776700  2.03729800  1.31659100 
Si  -4.78826400 -1.87093600 -3.41114200 
C   -6.05253000 -3.15894200 -4.01889900 
H   -6.85150500 -3.32863000 -3.28883500 
H   -6.52368700 -2.82645300 -4.95321400 
H   -5.58144900 -4.12961800 -4.21757100 
C   -5.73205000 -0.23803400 -3.14305800 
H   -6.51445400 -0.30790100 -2.37953200 
H   -5.05608100  0.57495200 -2.85054400 
H   -6.21843200  0.06273500 -4.08029700 
N   -3.92488200 -2.41167300 -1.97337700 
Si  -4.76804200 -2.29906300 -0.43435900 
C   -4.67559100 -0.54698800  0.29941700 
H   -3.64369800 -0.17998700  0.35538600 
H   -5.24406200  0.17414300 -0.29792300 
H   -5.08577500 -0.52958300  1.31780900 
C   -3.98925800 -3.47802100  0.83608800 
H   -4.45922000 -3.32163000  1.81531400 
H   -4.15137900 -4.52687700  0.56162100 
H   -2.91366500 -3.32302700  0.96671300 
C   -6.60804800 -2.79299000 -0.46569400 
H   -7.22194400 -2.14737300 -1.10293900 
H   -6.74182000 -3.82498400 -0.81235700 
H   -7.01874600 -2.73218100  0.55089600 
C   -3.64525100 -1.51797400 -4.88730700 
H   -2.90754000 -0.73888900 -4.67094300 
H   -3.10843300 -2.40066400 -5.24649900 
H   -4.25903900 -1.15254200 -5.72141900 
H   -3.40702800 -3.73458300 -2.13001600 
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VI. Intrinsic reaction coordinate (IRC) computations 
 
Table A.1.11. Optimized geometries at the B3LYP level of theory with 6-31G(d) basis set for 
the forward and reverse IRC calculations of LiHMDS/DMEA-mediated enolization transition 
structures at –40 °C with free energies (Hartrees), corrected MP2 energies (kcal), and cartesian 
coordinates (X, Y, Z). (Note: GMP2 includes single-point MP2 corrections to B3LYP/6-31G(d) 
optimized structures.) The 2D representations below correspond to the transition state, which the 





           
Reverse IRC of 
A2(3-pent)(DMEA)  
Pro E 
          G = –2768.667589 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Si   0.00000000  0.00000000  0.00000000 
C    1.71018800 -0.75417800 -0.39200700 
H    1.98263900 -1.56038800  0.29738700 
H    1.70534600 -1.17904500 -1.40517500 
H    2.50648400 -0.00136400 -0.35678100 
C   -1.22642400 -1.45978100 -0.13309900 
H   -1.03690800 -2.19314700  0.66201200 
H   -2.26800900 -1.13180200 -0.02392800 
H   -1.14255700 -1.98765600 -1.09268900 
N   -0.14417000  0.89087000  1.45848000 
Si   0.33060000  0.35400900  3.01690600 
C   -1.15850700 -0.11416400  4.11923600 
H   -1.84304000  0.72814600  4.27880900 
H   -1.74018600 -0.92021400  3.65305700 
H   -0.83902600 -0.46476200  5.10993200 
C    1.28326200  1.71339600  3.96710900 
H    1.48410800  1.41383100  5.00438100 
H    2.25093100  1.92290100  3.49301200 
H    0.73128500  2.66146500  4.00269400 
C    1.47565000 -1.17389800  3.08434800 
H    1.02359500 -2.05267400  2.60791400 
H    2.44007100 -0.99423900  2.59451100 
H    1.68118900 -1.43955300  4.13002100 
C   -0.33458700  1.14423500 -1.49820900 
H   -1.28716100  1.68354300 -1.43589400 
H    0.46571000  1.89058700 -1.59490600 
H   -0.35487500  0.57017400 -2.43382100 
Li  -1.50358600  2.23644900  1.39932900 
N   -3.00785900  3.63554500  1.38810400 
Si  -3.97387600  3.34761100 -0.03037900 
C   -4.19797000  1.50175800 -0.42557000 
H   -4.77290900  1.00541500  0.36612000 
H   -4.74564200  1.36324600 -1.36701200 
H   -3.24859400  0.96349900 -0.52115900 
C   -3.10597200  4.16159600 -1.52839700 
H   -3.61737500  3.89758600 -2.46270500 
H   -3.11792400  5.25926900 -1.46539700 
H   -2.06162900  3.84189500 -1.63581200 
C   -5.73842000  4.06929500 -0.00364700 
H   -6.36087600  3.60567600  0.77121000 
H   -5.75238300  5.15219000  0.16698100 
H   -6.22965300  3.88073900 -0.96727900 
Si  -3.69134200  3.62029100  2.98746400 
C   -4.92368500  5.02763300  3.37018000 
H   -4.44825700  6.01614500  3.32491200 
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H   -5.31587200  4.91044200  4.38910000 
C   -2.29761600  3.86066100  4.26426700 
H   -2.69260900  3.79699300  5.28619700 
H   -1.49958500  3.11411500  4.18219200 
H   -1.83617800  4.85347500  4.16276000 
C   -4.60736300  2.00676000  3.40580300 
H   -5.50634700  1.88594700  2.78799000 
H   -3.98005800  1.12186100  3.24618300 
H   -4.93056900  1.99609400  4.45474400 
Li  -1.88328700  5.20602200  0.95496400 
O    0.01783400  5.09632000  0.91944700 
C    1.25833000  5.06959200  0.89780700 
C    2.00644300  5.51220500  2.10046700 
C    3.37073500  5.85970800  2.08016000 
C    4.00351300  6.32897700  3.22618100 
C    3.27078300  6.42475200  4.40507400 
C    1.92472900  6.07193200  4.47204000 
C    1.30068900  5.62408900  3.31611500 
H    0.25793500  5.33201300  3.34818800 
H    1.39605600  6.14126000  5.41659000 
F    3.88172300  6.86576900  5.51508600 
H    5.05160500  6.60795600  3.22189600 
H    3.94659400  5.76487600  1.16978300 
C    1.91276400  4.60880800 -0.41645600 
C    1.84968600  5.76425500 -1.46059900 
H    0.78868000  5.95802600 -1.65357700 
H    2.26007500  5.37506300 -2.39937100 
C    2.53134100  7.09197900 -1.10357300 
H    2.40072500  7.80784200 -1.92290300 
H    2.10128900  7.54371900 -0.20205800 
H    3.60675800  6.98467000 -0.93258500 
C    3.24129000  3.86786000 -0.28645500 
C    3.29007400  2.74112100  0.55085100 
C    4.46697300  2.00738500  0.69251800 
C    5.61663400  2.37667900 -0.00975400 
C    5.57219900  3.47594900 -0.86560400 
C    4.39290800  4.21350000 -1.00536000 
H    4.38392100  5.05639800 -1.68860600 
H    6.45338200  3.76265800 -1.43368600 
H    6.53314600  1.80331600  0.09898900 
H    4.47868700  1.13787600  1.34367400 
H    2.39162800  2.41617600  1.07281000 
N   -2.30784300  7.33178800  0.78842400 
C   -1.90546000  7.86137000  2.10270900 
H   -2.45870200  7.33708100  2.88855300 
H   -2.10629800  8.93833700  2.21226700 
H   -0.83581900  7.68818300  2.25555500 
C   -1.47352400  7.88167400 -0.30909800 
H   -1.76601100  7.35342900 -1.22498400 
H   -0.43967800  7.59364800 -0.09267400 
C   -1.53784600  9.39526800 -0.55766100 
H   -0.86707200  9.64978700 -1.38573500 
H   -2.54254800  9.72844500 -0.83659000 
H   -1.21530900  9.97369000  0.31442400 
C   -3.74266500  7.57471600  0.55946000 
H   -4.00710000  8.64188800  0.61821100 
H   -4.02467200  7.20010700 -0.42868000 
H   -4.32657700  7.03609200  1.30914800 
H    1.18895900  3.86775800 -0.77898400 
       
      
 
           
Forward IRC of 
A2(3-pent)(DMEA)  
Pro E 
          G = = –2768.704483 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Si   0.00000000  0.00000000  0.00000000 
C    0.82829000 -1.66255100 -0.36791800 
H    0.83405800 -2.33601400  0.49493300 
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H    1.86802900 -1.52351200 -0.69011000 
C   -1.75511800 -0.27295500  0.64238800 
H   -1.79219300 -0.92013100  1.52526200 
H   -2.25211800  0.67076400  0.89319800 
H   -2.35178500 -0.75853700 -0.13985200 
N    0.93336800  0.92227800  1.23224600 
Si   0.90582300  0.45547100  2.96936100 
C   -0.64086700  1.15950100  3.78796100 
H   -0.73612300  2.23973500  3.63996100 
H   -1.55425500  0.69182000  3.40559200 
H   -0.60732000  0.97586300  4.86933200 
C    2.47380900  1.15726800  3.74893400 
H    2.51386300  0.90025100  4.81468100 
H    3.37309600  0.74218400  3.27749200 
H    2.53428100  2.24678100  3.67160000 
C    0.92964100 -1.41831300  3.25730700 
H    0.04487600 -1.92928900  2.86136300 
H    1.81567000 -1.88865300  2.81524100 
H    0.95979800 -1.61426800  4.33711700 
C   -0.08651100  0.93510200 -1.63754500 
H   -0.46760800  1.95463700 -1.53499700 
H    0.88718000  0.98524400 -2.13581300 
H   -0.76790500  0.40050500 -2.31249500 
Li   1.00802700  3.19814800  1.02637100 
N   -0.02114400  4.98313900  1.01268300 
Si  -1.04943400  5.13633000 -0.37291800 
C   -2.46733400  3.86055800 -0.42157000 
H   -3.19155600  4.05898400  0.37753600 
H   -3.01029100  3.90081400 -1.37502100 
H   -2.11435900  2.83184000 -0.28605200 
C   -0.00653100  4.90129800 -1.95589300 
H   -0.64737500  4.84391100 -2.84510600 
H    0.67632800  5.74782800 -2.11263800 
H    0.60744000  3.99278300 -1.93799800 
C   -1.91774100  6.82281300 -0.58462600 
H   -2.64315700  7.01801300  0.21473100 
H   -1.20927900  7.65968000 -0.59640000 
H   -2.46993800  6.84538600 -1.53359000 
Si  -0.52397700  5.57088200  2.56200100 
C   -0.53169300  7.47414400  2.71938000 
H    0.46651200  7.89699600  2.54278200 
H   -1.22002500  7.95006100  2.01230600 
H   -0.83485800  7.77858900  3.72997400 
C    0.68763800  5.00458300  3.92196500 
H    0.30505900  5.28364700  4.91214900 
H    0.85287800  3.92068100  3.93601500 
H    1.66658900  5.48702200  3.80913200 
C   -2.26461900  5.00751700  3.10150800 
H   -3.04593600  5.43892000  2.46336700 
H   -2.38019500  3.91739600  3.06407100 
H   -2.47517300  5.32757100  4.13043100 
Li   1.88969300  5.48302800  0.54584400 
O    2.73531500  3.82597100  0.65710500 
C    3.99655000  3.38555600  0.68221800 
C    4.88820200  4.12483400  1.64019300 
C    6.17460300  4.55469200  1.26641700 
C    6.96989200  5.30832300  2.12850200 
C    6.47175900  5.63667800  3.38477100 
C    5.20234200  5.24355300  3.79140800 
C    4.41749100  4.50108400  2.90854200 
H    3.41892500  4.20719600  3.20881500 
H    4.84358000  5.51930300  4.77810400 
F    7.23775700  6.36430800  4.22719800 
H    7.96132700  5.64268600  1.83997400 
H    6.55811700  4.29145800  0.28651000 
C    4.45937700  2.39812400 -0.15578300 
C    3.58500300  1.95740400 -1.32011500 
H    2.54129800  1.91196400 -0.99393800 
H    3.86337800  0.94177900 -1.62853500 
C    3.64148800  2.89210800 -2.54421400 
H    2.98630900  2.53282800 -3.34828400 
H    3.31545200  3.89979600 -2.26828800 
H    4.65642500  2.96925600 -2.94986500 
C    5.76066200  1.70451500  0.01061100 
C    6.24129100  1.31565400  1.27947200 
C    7.43824600  0.61894400  1.42602200 
C    8.19444500  0.26469000  0.30599200 
C    7.72904500  0.61690400 -0.96137300 
C    6.53350900  1.32079900 -1.10543900 
H    6.19919600  1.58687500 -2.10390900 
H    8.29999300  0.34581300 -1.84645100 
H    9.12470700 -0.28551900  0.41956300 
H    7.77414600  0.33660800  2.42109500 
H    5.65694200  1.56106700  2.16097600 
N    2.86843100  7.29405600 -0.04482900 
C    3.57877700  7.80080200  1.14253100 
H    2.85967700  7.95775500  1.95339400 
H    4.08776500  8.75939300  0.95483000 
H    4.31848600  7.06776800  1.47277700 
C    3.80474000  6.87042600 -1.11787900 
H    3.19253700  6.43557000 -1.91758300 
H    4.41245600  6.05814400 -0.70623900 
  112 
C    4.72525500  7.94404500 -1.71505000 
H    5.34316100  7.48879800 -2.49693500 
H    4.16478200  8.76418200 -2.17563700 
H    5.40318300  8.36902300 -0.96770400 
C    1.89950500  8.29546200 -0.51771800 
H    2.37050100  9.26101200 -0.76075000 
H    1.38960500  7.92338000 -1.41116800 
H    1.14937200  8.46822100  0.25891700 





           
Reverse IRC of 
A2(3-pent)(DMEA)  
Pro Z 
          G = –2768.663811 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Si   0.00000000  0.00000000  0.00000000 
C   -1.14098700 -1.43377500  0.55068800 
H   -1.19188900 -2.23242300 -0.19807400 
H   -0.78605300 -1.88459700  1.48736600 
H   -2.16762700 -1.08499200  0.72730500 
C    1.77516500 -0.70422700  0.00997300 
H    1.90517100 -1.50080600 -0.73309500 
H    2.50657900  0.08024700 -0.22484000 
H    2.04134500 -1.12304500  0.98983200 
N   -0.45849300  0.76737300 -1.46095200 
Si  -0.50281000  0.01405800 -3.00264700 
C    0.89822600  0.64113600 -4.14041200 
H    0.87921000  1.73152900 -4.26758600 
H    1.87589900  0.38499200 -3.71179200 
H    0.84725100  0.19654000 -5.14342700 
C   -2.14441600  0.37350000 -3.91647400 
H   -2.11536200  0.01788000 -4.95500600 
H   -2.97828100 -0.13817300 -3.41892100 
H   -2.38540400  1.44352700 -3.94486100 
C   -0.35482800 -1.89041400 -3.03890300 
H    0.56886700 -2.25022900 -2.57035200 
H   -1.19466000 -2.38222900 -2.53326700 
H   -0.34989700 -2.24285700 -4.07908400 
Li  -0.39447200  2.66848800 -1.55542600 
N   -0.39281200  4.70290300 -1.66493200 
Si   0.58408200  5.22301600 -0.32064900 
C    2.15930300  4.17350500 -0.10731400 
H    2.86014700  4.36044300 -0.93005900 
H    2.67609900  4.42102700  0.82917100 
H    1.96044100  3.09511800 -0.09418000 
C   -0.43999600  5.07716700  1.28262000 
H    0.18451500  5.26799900  2.16453300 
H   -1.25701800  5.81078100  1.30881100 
H   -0.88032400  4.08139300  1.41315300 
C    1.19636900  7.02775800 -0.38403800 
H    1.88838400  7.20110000 -1.21702400 
H    0.37553200  7.74806300 -0.48145700 
H    1.73798600  7.26847600  0.54026600 
Si  -0.01025000  5.19507700 -3.28954300 
C   -0.34331300  7.03910300 -3.66175700 
H   -1.40580700  7.29142800 -3.54100800 
H    0.23212200  7.71488200 -3.01993100 
H   -0.07782500  7.26856500 -4.70226200 
C   -1.12200700  4.26494900 -4.52310500 
H   -0.87624400  4.55129000 -5.55367500 
H   -1.02325300  3.17623300 -4.45755700 
H   -2.18103300  4.51061300 -4.36527100 
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H    2.49795800  5.47876400 -3.20948500 
H    2.07534800  3.81789100 -3.64270500 
H    1.95791300  5.10568200 -4.85007000 
Li  -2.32490400  4.90545900 -1.26129600 
O   -3.57859900  3.48493800 -1.60301200 
C   -4.41207000  2.56869500 -1.62422200 
C   -5.43938200  2.57246700 -2.70182100 
C   -6.67491700  1.90926200 -2.59172300 
C   -7.62455200  1.99103800 -3.60551200 
C   -7.31882700  2.72179900 -4.74924000 
C   -6.10038000  3.37888000 -4.90425500 
C   -5.17237200  3.30740600 -3.87367800 
H   -4.21430500  3.80332500 -3.97475400 
H   -5.89695200  3.92488900 -5.81922800 
F   -8.22543300  2.79275200 -5.73590000 
H   -8.58565500  1.49464200 -3.52612900 
H   -6.91199800  1.33641300 -1.70448600 
C   -4.30197600  1.49063500 -0.53465600 
C   -4.87649600  2.00845700  0.78829400 
C   -4.15974900  1.78030300  1.97237500 
C   -4.65550300  2.20277700  3.20649400 
C   -5.87944000  2.86998200  3.28122400 
C   -6.60109700  3.10883600  2.11144100 
C   -6.10459500  2.68113700  0.87761300 
H   -6.68560700  2.88151600 -0.01824500 
H   -7.55622900  3.62596300  2.15490000 
H   -6.26638200  3.20041400  4.24120800 
H   -4.08082100  2.01145900  4.10861200 
H   -3.20594100  1.26223400  1.92616900 
C   -4.74062600  0.03264300 -0.92504800 
H   -3.85335500 -0.59695600 -0.80833600 
H   -4.97642800 -0.00302200 -1.99309600 
C   -5.87925000 -0.60633800 -0.12077100 
H   -6.06368200 -1.62061300 -0.49162400 
H   -5.62671700 -0.67922200  0.94151800 
H   -6.82388500 -0.05365600 -0.18603400 
N   -3.57548900  6.59415600 -0.77904800 
C   -4.42627700  6.76814400 -1.96840100 
H   -3.79101300  6.93467100 -2.84501600 
H   -5.11164900  7.62588000 -1.88348200 
H   -5.01466400  5.86177900 -2.13439300 
C   -4.36362900  6.20015000  0.41793100 
H   -3.64350500  6.00281300  1.22080700 
H   -4.84327600  5.24387200  0.18567600 
C   -5.42283700  7.18905400  0.92337800 
H   -5.92158400  6.75501000  1.79673900 
H   -4.98723500  8.14437600  1.23365100 
H   -6.19307400  7.39215700  0.17191600 
C   -2.78747900  7.81601000 -0.54312800 
H   -3.41931600  8.70890700 -0.41692200 
H   -2.17619500  7.69260300  0.35488400 
H   -2.11948700  7.98580800 -1.39144100 
C   -0.05769600  1.22457700  1.46679500 
H    0.70279100  2.01070500  1.39535400 
H   -1.03393200  1.72063600  1.55000200 
H    0.11838500  0.69582900  2.41298600 
H   -3.21511900  1.44531500 -0.39907500 
       
      
 
 
           
Forward IRC of 
A2(3-pent)(DMEA)  
Pro Z 
          G = –2768.703958 




Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
Si   0.00000000  0.00000000  0.00000000 
C    1.17857600 -1.47805100  0.13213400 
H    1.58302300 -1.80100900 -0.83195900 
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H    0.67609500 -2.33646800  0.59406300 
C    0.88334000  1.44032500 -0.84479100 
H    1.34493700  1.15230000 -1.79597500 
H    0.20751700  2.28072400 -1.03839500 
H    1.68698700  1.80740900 -0.19438600 
N   -1.48263900 -0.39252600 -0.94125400 
Si  -1.42685400 -0.71329500 -2.70775800 
C   -1.26743100  0.91562600 -3.64911500 
H   -2.01223000  1.65386500 -3.33584800 
H   -0.27888300  1.36939700 -3.52317700 
H   -1.41053300  0.73769200 -4.72262000 
C   -3.02345000 -1.60118400 -3.17446900 
H   -3.00263600 -1.87739200 -4.23604100 
H   -3.16127900 -2.52126200 -2.59481500 
H   -3.90990600 -0.98175700 -3.01240700 
C    0.01403100 -1.83043600 -3.22748400 
H    0.99217700 -1.36073500 -3.07531100 
H    0.01254900 -2.78385000 -2.68640500 
H   -0.07211000 -2.05941600 -4.29768800 
Li  -3.34273600  0.80087000 -0.35242300 
N   -4.12509600  2.71172600 -0.06386200 
Si  -3.53200400  3.51653500  1.35267900 
C   -1.69638600  4.03434400  1.26490100 
H   -1.57547300  4.89666900  0.59783400 
H   -1.32370800  4.33447400  2.25329800 
H   -1.03682000  3.24591700  0.88936200 
C   -3.75969300  2.36067200  2.85639100 
H   -3.27952100  2.77804800  3.75062100 
H   -4.82461700  2.23489400  3.09854900 
H   -3.34453600  1.35816600  2.70020900 
C   -4.41484200  5.14216700  1.82592600 
H   -4.21501100  5.93635400  1.09668200 
H   -5.50223800  5.03504500  1.90497800 
H   -4.04605400  5.49734500  2.79760700 
Si  -4.41345400  3.59053400 -1.52780400 
C   -5.85719500  4.83882000 -1.44325000 
H   -6.79358800  4.34805500 -1.14476400 
H   -5.67460400  5.65409400 -0.73467000 
H   -6.03104500  5.29172700 -2.42853700 
C   -4.93563200  2.41123600 -2.93433200 
H   -4.95431300  2.94961900 -3.89065200 
H   -4.26864700  1.55039400 -3.06377700 
H   -5.94748500  2.02258000 -2.76591200 
C   -2.91301800  4.58021800 -2.16496700 
H   -2.67204500  5.41935800 -1.50093000 
H   -2.01153300  3.95975200 -2.24238400 
H   -3.11387200  5.00034400 -3.15914800 
Li  -5.63195600  1.43792200  0.42232300 
O   -4.87326300 -0.22621900  0.04489000 
C   -5.32518700 -1.46716000 -0.15064500 
C   -6.58099600 -1.53800100 -0.97909800 
C   -7.70262800 -2.27459400 -0.55897100 
C   -8.88746200 -2.29036500 -1.29718700 
C   -8.94985800 -1.55537500 -2.47487600 
C   -7.86980100 -0.80259700 -2.92252700 
C   -6.70037400 -0.79245000 -2.16319200 
H   -5.86240700 -0.19266600 -2.49521700 
H   -7.95290500 -0.23927700 -3.84667000 
F   -10.0908770 -1.56572800 -3.19780700 
H   -9.75399800 -2.85644800 -0.97037600 
H   -7.64921400 -2.83909600  0.36638300 
C   -4.72989400 -2.60435100  0.34253800 
C   -3.67223100 -2.54855200  1.38541600 
C   -2.56538100 -3.42363000  1.37479000 
C   -1.66031700 -3.47599400  2.43817200 
C   -1.83265400 -2.65586000  3.55333000 
C   -2.91468900 -1.76971900  3.58043700 
C   -3.81052600 -1.71385800  2.51559000 
H   -4.65672600 -1.03684900  2.56142700 
H   -3.06774400 -1.12532100  4.44285100 
H   -1.13950500 -2.70643200  4.38864000 
H   -0.82687600 -4.17356200  2.39772600 
H   -2.42035200 -4.09513000  0.53277700 
C   -5.09435200 -4.00156100 -0.14671000 
H   -4.19985200 -4.47528700 -0.58030200 
H   -5.80390500 -3.93425800 -0.97486900 
C   -5.65135800 -4.95218900  0.92804600 
H   -5.85664200 -5.94263500  0.50378800 
H   -4.94379700 -5.08061900  1.75390700 
H   -6.58627600 -4.56993200  1.35517400 
N   -7.58733300  1.70412900  1.27106200 
C   -8.54499800  1.60259500  0.15555100 
H   -8.29969400  2.35744100 -0.59897200 
H   -9.58538900  1.77214000  0.47485600 
H   -8.47498700  0.61515800 -0.30584300 
C   -7.73449300  0.58726600  2.23923500 
H   -6.93628000  0.70579200  2.98278700 
H   -7.52323000 -0.33627200  1.69056400 
C   -9.08246700  0.45460000  2.96167200 
H   -9.04027700 -0.40278400  3.64260800 
H   -9.32238200  1.33845400  3.56185800 
H   -9.90798200  0.27956800  2.26407400 
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C   -7.71425200  3.01892600  1.91904800 
H   -8.73175700  3.21107300  2.29459400 
H   -7.01483200  3.08879300  2.75697200 
H   -7.46384000  3.80144500  1.19776000 
C   -0.48191200  0.45350200  1.76076300 
H   -1.17268100  1.29770700  1.81587400 
H   -0.94323900 -0.39613100  2.27400100 
H    0.41669400  0.73151100  2.32697000 
H   -1.95248300 -1.18166800 -0.48185400
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A Case for Lithium Tetramethylpiperidide-Mediated Ortholithiations:  
Reactivity and Mechanisms 
 
Abstract 
Rate and mechanistic studies of ortholithiations by lithium 2,2,6,6-tetramethylpiperidine focus 
on four arenes: 1,4-bis(trifluoromethyl)benzene, 1,3-bis(trifluoromethyl)benzene, 1,3-
dimethoxybenzene, and 4,4-dimethyl-2-phenyl-2-oxazoline. Metalations occur via substrate-
dependent combinations of monosolvated monomer, disolvated monomer, and tetrasolvated 
dimer (triple ions). Density functional theory computational studies augment the experimental 
data. We discuss the challenges presented by shifting dimer–monomer proportions in 




 Few transformations are more important than functionalizations of C–H bonds on 
aromatic and heteroaromatic rings. 1 Traditional electrophilic aromatic substitutions are limited 
to electron-rich aromatics, have marginal regioselectivities, and can generate noxious waste 
streams when used on scale.2 Emergent efforts to achieve catalytic transition-metal-mediated C–
H activations are making great strides but remain in the early to mid-developmental stages.3 
Ortholithiations with subsequent trapping by electrophiles are not without limitations but 
generally offer high reactivities of organolithium bases and exceptional regiocontrol.4,5 
 The choice of base for orthometalations has chemical, economic, and safety 
consequences. Lithium diisopropylamide (LDA) is ideal for relatively acidic, multi-functional 
arenes.5 Less reactive arenes are most often metalated using n- or sec-butyllithium facilitated by 
a variety of accelerants such as tetrahydrofuran (THF) or N,N,N’,N’-tetramethylethylenediamine. 
There are, however, some large disparities separating LDA and alkyllithiums: the high basicity 
and reactivity offered by alkyllithiums is offset by functional group incompatibilities. Note that 
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casual mentions of basicity and reactivity can connote kinetic or thermodynamic effects 
depending on context. Does a base observably metalate (thermodynamic) and, if so, how fast 
(kinetic)? 
 Nestled between LDA and alkyllithiums lies lithium 2,2,6,6-tetramethylpiperidide 
(LiTMP).6 This base has been used for many ortholithiations, of course, but we sense that many 
practitioners are unaware of its advantages. LiTMP is not simply a more expensive equivalent of 
LDA. LiTMP-mediated metalations have a greater driving force7,8 and disproportionately higher 
metalation rates, both of which may stem from high steric demands that inhibit stabilizing 
aggregation—a form of ground-state destabilization. The high steric demands also amplify 
sterically dictated regiocontrol, and the hindered 2,2,6,6-tetramethylpiperidine (TMPH) 
byproduct precludes regiochemical equilibrations that are readily mediated by i-Pr2NH.9,10,11 The 
higher cost of TMPH is also a red herring. TMPH is significantly more expensive than i-Pr2NH, 
but current prices are markedly lower in bulk and should be susceptible to further downward 
pressure given that the compound is prepared from acetone, ammonia, hydrazine, and KOH.12  
 
Scheme 2.1. Lithium 2,2,6,6-tetramethylpiperidine-mediated metalations of arenes. 
 
 
 This paper describes our progress beyond the above analysis through the probing of a 
























  122 
selectivities are largely founded in prior art,13 only one detailed rate and mechanistic study of an 
LiTMP-mediated reaction—an epoxide elimination—has been reported.14,15 We surveyed more 
than 40 arene metalations and selected arenes 1–4 (Scheme 2.1) for detailed study.  
 
Results  
 Spectroscopic studies have shown that LiTMP is a 10:1 mixture of dimer 5 and monomer 
6 in neat THF and >99:1 dimer at <1.3 M THF–hexane (eq 2.1).16 The dimer–monomer 
solvation states were first studied with modified neglect of atomic overlap calculations17 and 
later augmented with density functional theory (DFT) computations.18,19 To simplify the 
presentation, we use the following shorthand: A = LiTMP subunit; S = THF; ArH = arene; ArLi 
= aryllithium. For example, A2S4 is a tetrasolvated dimer and [A2S4(ArH)]‡ is the corresponding 
tetrasolvated-dimer-based transition structure. 
 
 
 Kinetics: General Protocol.20 LiTMP was held in excess at standard concentrations 
(0.025–0.25 M). THF was also used in high but variable concentrations (2.6–12.2 M) with 
hexane as a cosolvent. Arenes were the limiting reagents (0.0025–0.010 M). Metalation rates 
were monitored using in situ IR spectroscopy by following the loss of strong arene absorbances 
in the range of 1323–1655 cm–1. The time-dependent decays fit the first-order function f(x) =  
ae–bx such that b corresponds to the pseudo-first-order rate constant kobsd. Values of kobsd were 
shown to be independent of initial arene concentration as required for a first-order dependence. 
On occasion, initial rates were used if the LiTMP/ArH proportions deviated from pseudo-first 
order. All metalations displayed large isotope effects (kobsd(H)/kobsd(D) = 23–40), which confirmed 
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of contributions from tunneling, were commonplace.20a A standard control experiment excluded 
the intervention of autocatalysis.20b After a first-order decay, the baseline was reestablished, and 
a second aliquot of arene was injected; the two rate constants were indistinguishable. 
 The orders in THF were determined by monitoring kobsd versus THF concentration using 
hexane as the cosolvent. Similarly, plots of kobsd versus LiTMP concentration afforded orders in 
LiTMP. The LiTMP dimer–monomer equilibrium in eq 2.1 presents added mathematical 
complexity to attaining rigorous fitting of THF and LiTMP concentration dependencies. We 
routinely cite orders stemming from fits to a simple power function (y = axn). The fits shown 
graphically, by contrast, are more rigorous and complex, as described below. 
 To account for the shift in ground state from dimer (A2S2) to monomer (AS2), we must 
solve for the monomer and dimer concentration dependencies as a function of the equilibrium 
constant (Keq), total base concentration ([Atotal] ), and total solvent concentration ([S]). Solving 
the system of two equations (eq 2.2 and 2.3) provides two sets of roots. We chose the sets 
corresponding to real, positive concentrations. 
 
             
    (2.2) 
          (2.3) 
 (2.4) 
  
The choice of species (A2S2 versus AS2) for writing rate expressions is arbitrary: A2S2 
was chosen because of its dominance across the accessible THF concentration range (vide infra). 
Eq 2.4 describes the concentration of A2S2. In the discussion, we return to the challenges posed 





A2S2⎡⎣ ⎤⎦ S⎡⎣ ⎤⎦
2




4 Atotal⎡⎣ ⎤⎦+ Keq S⎡⎣ ⎤⎦
2
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1,4-bis-(trifluoromethyl)benzene (1). A plot of kobsd versus THF concentration (Figure 
2.1) for the metalation of 1 to form 1-Li shows a clean second-order dependence, n = 2.02 ± 0.07 
when fit to a simple power function, although a rigorous fit is more complex (vide infra). A plot 
of kobsd versus LiTMP concentration at a 6.0 M THF concentration (Figure 2.2) shows an 
approximate first-order dependence. (Origins of the slight downward curvature are discussed in 
detail below.) When these results are taken together, the idealized rate law21 in eq 2.5 is 




Figure 2.1. Plot of kobsd vs tetrahydrofuran (THF) concentration for the metalation of 1 (0.010 M) 
at –78 °C measured with IR spectroscopy (1323 cm–1). The curve depicts an unweighted least-
squares fit to eq 2.5 that accounts for the shifting dimer–monomer mixtures described by eq 2.4. 















  125 
 
 
Figure 2.2. Plot of initial rate vs lithium 2,2,6,6-tetramethylpiperidine (LiTMP) concentration for 
the metalation of 1 (0.010 M) in 6.0 M THF/hexane at –78 °C measured with IR spectroscopy 
(1323 cm–1). The curve depicts an unweighted least-squares fit to eq 2.5 that accounts for the 
shifting dimer–monomer mixtures described by eq 2.4. A simple fit to y = axn affords a = 33.07 
± 2.19, n = 0.97 ± 0.04. 
 
            d[ArLi]/dt = k[ArH]1[S]2[A2S2]1   (2.5) 
 
                                  Keq           k[ArH] 
   A2S2 + 2S  [A2S4]  ArLi   (2.6) 
       1       7     1-Li 
 
 Owing to the severe steric hindrance of an A2S4 cyclic dimer15–18 as a reactant or a 
transition structure, the rate data implicate triple ions.22 Such LiTMP-derived triple ions have 
been structurally characterized23 and studied computationally.17  
 1,3-bis-(trifluoromethyl)benzene (2). The metalation of 2 at –78 °C affords exclusively 
the 4-lithiated product 2-Li as shown by deuteration. Fitting the THF dependence to a simple 
power function shows an intermediate order of 1.50 ± 0.04 (Figure 2.3), which suggests at least 
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0.04 (Figure 2.4), which attests to competing monomer- and dimer-based metalations. The fits in 
Figures 2.3 and 2.4 are consistent with the idealized rate law in eq 2.7 and the mechanisms 




Figure 2.3. Plot of kobsd vs THF concentration for the metalation of 2 (0.0025 M) at –78 °C 
measured with IR spectroscopy (1356 cm–1). The curve depicts an unweighted least-squares fit to 
eq 2.7 that accounts for the shifting dimer–monomer mixtures described by eq 2.4. A simple fit 



















  127 
 
 
Figure 2.4. Plot of kobsd vs LiTMP concentration for the metalation of 2 (0.0025 M) in 6.0 M 
THF/hexane at –78 °C measured with IR spectroscopy (1356 cm–1). The curve depicts an 
unweighted least-squares fit to eq 2.7 that accounts for the shifting dimer–monomer mixtures 
described by eq 2.4. A simple fit to y = axn affords a = 1.9 ± 0.1, n = 0.76 ± 0.04. 
 
  d[ArLi]/dt = k1[ArH]1[S]1[A2S2]1/2 + k2[ArH]1[S]2[A2S2]1  (2.7) 
 
                              Keq          k1[ArH] 
   1/2A2S2 + S  AS2  ArLi   (2.8) 
                5       6    2-Li 
  
                                      Keq           k2[ArH] 
   A2S2 + 2S  [A2S4]  ArLi   (2.9) 
       5       7     2-Li 
 
 Kinetics: 1,3-bis-(Methoxy)benzene (3). The metalation of 3 at –40 °C to form 3-Li 
shows a clean first-order THF dependence (Figure 2.5) and half-order LiTMP dependence 
(Figure 2.6) when fit to a simple power function. The results are consistent with exclusively 
disolvated-monomer-based metalation (eqs 2.10 and 2.11). We explain below why the data fit 
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Figure 2.5. Plot of kobsd vs THF concentration for the metalation of 3 (0.0025 M) at –40 °C 
measured with IR spectroscopy (1496 cm–1). The curve depicts an unweighted least-squares fit to 
eq 2.10 that accounts for the shifting dimer–monomer mixtures described by eq 2.4. A simple fit 





Figure 2.6. Plot of kobsd vs LiTMP concentration for the metalation of 3 (0.0025 M) in 6.0 M 
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unweighted least-squares fit to eq 2.10 that accounts for the shifting dimer–monomer mixtures 
described by eq 2.4. A simple fit to y = axn affords a = 1.39 ± 0.05, n = 0.57 ± 0.02.  
 
         d[ArLi]/dt = k[ArH]1[S]1[A2S2]1/2   (2.10) 
        
          Keq          k[ArH] 
   1/2A2S2 + S  AS2  ArLi   (2.11) 
                  5       6    3-Li 
 
 Kinetics: 4,4-Dimethyl-2-phenyl-2-oxazoline (4). The metalation of 4 to form 4-Li at –
40 °C shows a zeroth-order THF dependence (Figure 2.7). The slight downward drift is too small 
to be relevant, particularly given subtle secondary-shell effects of similar magnitude;20 however, 
there is a subtle and pedagogical reason why it should be observable. The THF dependence in 
conjunction with a half-order LiTMP dependence (Figure 2.8) is consistent with the 




Figure 2.7. Plot of initial rate vs THF concentration in hexane for the metalation of 4 (0.010 M) 
at –40 °C measured with IR spectroscopy (1655 cm–1). The curve depicts an unweighted least-


























Figure 2.8. Plot of initial rate vs LiTMP concentration in hexane for the metalation of 4 (0.010 
M) at –40 °C measured with IR spectroscopy (1655 cm–1). The curve depicts an unweighted 
least-squares fit to eq 2.12 that accounts for the shifting dimer–monomer mixtures described by 
eq 2.4. A simple fit to y = axn affords a = 2.7 ± 0.1, n = 0.57 ± 0.02.  
 
           d[ArLi]/dt = k[ArH]1[S]0[A2S2]1/2   (2.12) 
 
                          Keq          k[ArH] 
      1/2A2S2  [AS]  ArLi   (2.13) 
                     5               6              4-Li 
 
Discussion  
 Qualitative Observations. The work described herein focuses on rate studies of four 
LiTMP-mediated orthometalations. It is instructive, however, to qualitatively compare LiTMP 
with LDA as well as with sodium diisopropylamide (NaDA) based on the results of a 
preliminary survey of approximately 40 arene metalations carried out to choose appropriate 
substrates for study. Thermochemically recalcitrant metalations such as arene 3 metalate 
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generally quantitative.25,26 However, stoichiometric LiTMP also affords an incomplete 
metalation of 3 at equilibrium, putting the relative thermochemical boost by LiTMP in the 
vicinity of an order of magnitude (a single pKA unit), consistent with the results of Fraser and co-
workers.7 Comparing and contrasting the metalation rates shows that reactions with LiTMP are 
5–500 times faster than those with LDA under comparable conditions for the few substrates slow 
enough to be monitored. By contrast, metalation rates for LiTMP and NaDA tend to be 
comparable.26  
The regioselectivities of LiTMP are distinct from those of either LDA or NaDA. The 
hindered TMP fragment has two effects: (1) LiTMP metalates less acidic but sterically more 
accessible sites,4 such as the 4 position of 2 to give 2-Li; and (2) the product TMPH does not 
mediate regiochemical equilibration to the more acidic sites.10 Previous studies of arene 
metalations using LDA showed facile equilibration from kinetic to thermodynamic products in 
the presence of free diisopropylamine: the metalations are reversible.12 We submit that many 
reported regioselectivities lack sufficient controls with which to ascertain whether the 
regioselectivity is the result of kinetic or thermodynamic control.  
 Contrary to our earlier report,27 the metalation of 8 lacking the protective gem-dimethyl 
moiety of 4 by LDA results in decomposition consistent with the formation of 9 rather than the 
reported orthometalated product 10 (eq 2.14).26 Similar decomposition is obtained with NaDA.26 
By contrast, the LiTMP-mediated ortholithiation of 8 affords 10, as shown by deuterium 
quenching along with limited (15%) decomposition.  
 
 
 Mechanism of Ortholithiation. Orthometalation of the four substrates reveals a 















  132 
proceeds via a transition structure of stoichiometry [A2S4(ArH)]‡. The high solvation numbers 
are incompatible with any form of cyclic- or open-dimer-based metalation and instead suggest 
that the role of triple ion 11 is analogous to those invoked in a number of previous 
investigations.20,22,23 DFT computations suggest a weak dipolar interaction between a fluorine 






 Notably, 1,3-bis(trifluoromethyl)benzene (2)13b metalates at the external C-4 position 
with no tendency to equilibrate to the C-2 position. Adding diisopropylamine causes complete 
equilibration to the 2-lithiated isomer, which confirms that the regioselectivity is under kinetic 
control. Rate studies reveal a composite of an [A2S4(ArH)]‡ dimer-based metalation along with 
[AS2(ArH)]‡ monomer-based metalation consistent with computed transition structures 12 and 
13, respectively. DFT computations indicate that metalation at C-2 via 14 is a barrier +2.0 
kcal/mol higher barrier than that via 13, consistent with experiment.  
 1,3-Dimethoxybenzene (3) metalates exclusively at the internal (doubly ortho) C-2 

































  133 
computations showed a 2.1 Å MeO–Li interaction (15) and affiliated near-tetrahedral lithium 
coordination sphere (Figure 2.9). Compared with those of 15, computations of the AS2-mediated 
external metalation (16) also manifested a MeO–Li interaction and a +2.6 kcal/mol higher energy 
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 Lithiation of oxazoline 4 proceeds via an [AS(ArH)]‡ monosolvated monomer (17).13d 
Previous studies have all supported N–Li versus O–Li interaction at the transition structure.28 
Indeed, N-bound transition structure 17 is 4.4 kcal/mol more stable than the O-bound isomer 18. 
On first inspection, the computed preference along with a seemingly modest threefold reduction 
in metalation rate compared with that of 8 (eq 2.14) may seem odd given the apparent steric 
demands of the methyl moieties. However, the methyl moieties in transition structure 17 seem to 
add no significant congestion.  
 Consequence of a Shifting Ground State. Organolithium mechanistic studies often 
present the complexity of either mixtures of reactants or multiple competing pathways (rate-
limiting transition structures.) The latter is a relatively simple kinetic problem of deconvoluting 
the relative contributions of a multi-term rate law.20a Condition-dependent changes in reactants, 
by contrast, are far more challenging, historically prompting us to simply avoid them. Only 
recently did we begin to understand the challenges of the influence of multiple reactants on 
observable rate behavior.29  
 At the outset of the present study, we surmised that a shift in the observable form of 
LiTMP from purely disolvated dimer (2.0–9.0 M THF/hexane) to a 90/10 mixture of disolvated 
dimer and disolvated monomer in neat THF (eq 2.1) would have a significant (≈10%) impact on 
the measured reaction order in LiTMP. That hypothesis proved only partly correct. Consider the 
simplest depiction of a monomer-based metalation (devoid of solvents) in eq 2.15. In the limit 
that dimer “A2” is the sole observable form, a fit to the simple power function y = a[Atotal]n 
would show a clean half-order dependence (n = 0.50). Conversely, exclusively observable 
monomer “A” would afford a first-order LiTMP dependence (n = 1.0). We posed this question: 
what is the effect of a dimer-monomer mixture on the measured LiTMP order? A plot of 
measured order ascertained from the simple power function versus percent observable monomer 
is shown in Figure 2.10. We hasten to add that we use normality rather than molarity (50% 
monomer would be a 1:1 integration in the 6Li NMR spectrum). 
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                      Keq 





Figure 2.10. Simulated plot of LiTMP order as a function of percent monomer (measured using 
normality, N). The blue box represents the range accessible to 0.10 N LiTMP in THF/hexane 
mixtures at –78 °C (eq 2.1).  
 
 The blue box in Figure 2.10 shows the dimer–monomer concentration range observed for 
LiTMP from nearly neat hexane to neat THF. The presence of 10% monomer has an 
insignificant effect on the measured order (n = 0.53). We confess to being a bit surprised. By 
contrast, owing to the nonlinearity, the perturbation of the measured order when observable 
monomer is contaminated by 10% dimer is more significant (n = 0.82). 
 This point in the discussion seems to be an opportune time to mention another 
misunderstood concept about how deaggregation influences reactivity. First, that monomers are 
more reactive than dimers is by no means a foregone conclusion; this anachronistic thinking 
derives from rate studies of polymerizations during the 1960s and 1970s.30 Aggregates often 
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changes in solvent or solvent concentration that force monomer formation will not necessarily 
increase the reaction rate (eq 2.16). If, for example, “AS” is the reactive form, driving the 
reactant to AS2 by using a high solvent concentration will inhibit the metalation.29  
 
            Keq         K'eq[S] 
      1/2 A2S2  [AS] AS2   (2.16) 
 
Conclusions  
 LiTMP offers advantages over alkyllithiums by being less nucleophilic—more 
functional-group-compatible—and over LDA with respect to both the metalation rate and steric-
based regiocontrol. The absence of amine-mediated equilibration ensures kinetic control of the 
regioselectivity except when ArH–ArLi direct exchanges are possible.11 Cost, the primary 
limitation, appears to us to be artificial and is certainly so on a scale at which competitive pricing 
should be available. The functional-group-dependent mechanisms—[A2S4(ArH)]‡, [AS2(ArH)]‡, 
and [AS(ArH)]‡—determined from a survey of only four substrates representing only two 
functionalities (MeO and CF3) suggest that careful control of conditions, particularly 
coordinating solvent and solvent concentration,20a offers the potential for often overlooked 
regiocontrol. For the more mechanistically minded, the progress made in addressing mechanisms 
in which multiple species are observable reactants is notable and remains one of the more serious 
challenges for exploring complex ensembles.  
 
Experimental 
Reagents and Solvents. THF and n-hexane were distilled from solutions containing 
sodium benzophenone ketyl. LiTMP, [6Li]LiTMP, and [6Li,15N]LiTMP were prepared as 
described previously.16a Air- and moisture-sensitive materials were manipulated under argon 
using standard glove box, vacuum line, and syringe techniques. The arenes were purchased from 
Sigma Aldrich. 
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 NMR Spectroscopy. All NMR samples for reaction monitoring and structure elucidation 
were prepared using stock solutions and sealed under partial vacuum as described in detail 
previously.9k,20b Standard 1H, 6Li, 13C, and 15N NMR spectra were recorded at 500, 73.57, 
125.79, and 36.14 MHz, respectively. 
IR Spectroscopy. IR spectra were recorded using an in situ IR spectrometer fitted with a 
30-bounce, silicon-tipped probe. The spectra were acquired in 16 scans at a gain of 1 and a 
resolution of 4 cm–1. A representative reaction was carried out as follows: The IR probe was 
inserted through a nylon adapter and O-ring seal into an oven-dried, cylindrical flask fitted with a 
magnetic stir bar and a T-joint. The T-joint was capped with a septum for injections and a 
nitrogen line. After evacuation under full vacuum, heating, and flushing with nitrogen, the flask 
was charged with LiTMP (73.6 mg, 0.50 mmol) in THF/hexane (4.9 mL total volume) and 
cooled to –78 °C with a dry ice/acetone bath. After a background spectrum was recorded, arene 1 
was added (0.050 mmol in 0.10 mL) with stirring. The absorbance at 1323 cm–1 was monitored 
over the course of the reaction. 
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I. NMR Spectroscopic Studies 
 
Table A.2.1. 6Li NMR chemical shifts and coupling constants for the different species 
in neat THF at –80 °C. 
 
Species δ (ppm) JLi-N (Hz) 
A2S2 1.51 4.8 
AS2 0.90 8.9 
1-Li 0.88 – 
2-Li 0.84 – 
3-Li Mixed Aggregate 2.19 5.1 










































Figure A.2.2. 6Li spectrum of 0.10 M [6Li,15N]LiTMP and 0.030 M 1 in neat THF at –80 °C 
after aging at –80 °C for 2 h. The lithiated product (1-Li) shows no mixed aggregation with free 











Figure A.2.3. 6Li spectrum of 0.10 M [6Li,15N]LiTMP and 0.030 M 2 in neat THF at –80 °C 
after aging at –80 °C for 2 h. The lithiated product (2-Li) shows no mixed aggregation with free 













Figure A.2.4 6Li spectrum of 0.10 M [6Li,15N]LiTMP and 0.030 M 3 in neat THF at –80 °C after 
aging at –40 °C for 2 h. The lithiated product (3-Li) forms a dimeric mixed aggregate with free 












Figure A.2.5. 6Li spectrum of 0.10 M [6Li,15N]LiTMP and 0.030 M 4 in neat THF at –80 °C 
after aging at –40 °C for 2 h. The lithiated product (4-Li) forms a dimeric mixed aggregate with 









  148 
































  149 
 
 
Figure A.2.6. Plot of kobsd vs. THF concentration in hexane for the metalation of 1 (0.010 M) by 
LiTMP (0.10 M) at –78 °C measured with IR spectroscopy (1323 cm–1). The curve depicts the 
result of an unweighted least-squares fit to y = axn (a = 0.10 ± 0.02, n = 2.02 ± 0.07). 
 
 
[THF] (M) kobsd1 × 103 (s–1) kobsd2 × 103 (s–1) kobsdavg × 103 (s–1) 
3.0 1.2349 1.1623 1.20 ± 0.05 
4.5 2.0881 2.0391 2.06 ± 0.03 
6.0 3.4505 3.1484 3.3 ± 0.2 
9.0 8.1481 8.6858 8.4 ± 0.4 
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Figure A.2.7. Plot of initial rate vs. LiTMP concentration in 6.0 M THF with hexane cosolvent 
for the metalation of 1 (0.010 M) at –78 °C measured with IR spectroscopy (1323 cm–1). The 




[LiTMP] (M) Initial Rate
1 × 103 
(M s–1) 
Initial Rate2 × 103 
(M s–1) 
Initial Rateavg × 103 
(M s–1) 
0.025 1.0611 1.1226 1.09 ± 0.04 
0.10 3.2593 3.7978 3.5 ± 0.4 
0.15 4.8724 5.2261 5.0 ± 0.3 
0.20 6.2916 7.756 7 ± 1 
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Figure A.2.8. Plot of kobsd vs. THF concentration in hexane for the metalation of 2 (0.0025 M) 
by LiTMP (0.10 M) at –78 °C measured with IR spectroscopy (1356 cm–1). The curve depicts 
the result of an unweighted least-squares fit to y = axn (a = 0.018 ± 0.002, n = 1.50 ± 0.04). 
 
 
[THF] (M) kobsd1 × 102 (s–1) kobsd2 × 102 (s–1) kobsdavg × 102 (s–1) 
3.0 0.10584 0.11988 0.11 ± 0.01 
5.0 0.19222 0.23033 0.21 ± 0.03 
7.0 0.35638 0.31640 0.34 ± 0.3 
10.0 0.61657 0.54127 0.58 ± 0.5 
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Figure A.2.9. Plot of kobsd vs. LiTMP concentration in 6.0 M THF with hexane cosolvent for the 
metalation of 2 (0.0025 M) at –78 °C measured with IR spectroscopy (1356 cm–1). The curve 
depicts the result of an unweighted least-squares fit to y = axn (a = 1.9 ± 0.1, n = 0.76 ± 0.04). 
 
 
[THF] (M) kobsd1 × 102 (s–1) kobsd2 × 102 (s–1) kobsdavg × 102 (s–1) 
0.025 0.11550 0.15455 0.14 ± 0.03 
0.070 0.24632 0.27404 0.26 ± 0.02 
0.11 0.33746 0.39563 0.37 ± 0.04 
0.16 0.44992 0.47159 0.46 ± 0.02 
0.20 0.61031 0.53383 0.57 ± 0.05 
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Figure A.2.10. Plot of kobsd vs. THF concentration in hexane for the metalation of 3 (0.0025 M) 
by LiTMP (0.10 M) at –40 °C measured with IR spectroscopy (1496 cm–1). The curve depicts 
the result of an unweighted least-squares fit to y = axn (a = 0.065 ± 0.005, n = 0.98 ± 0.03). 
 
 
[THF] (M) kobsd1 × 102 (s–1) kobsd2 × 102 (s–1) kobsdavg × 102 (s–1) 
2.5 0.18386 0.1563 0.17 ± 0.02 
4.0 0.29205 0.20944 0.25 ± 0.06 
5.6 0.33978 0.37821 0.36 ± 0.03 
7.2 0.39605 0.49637 0.45 ± 0.07 
9.7 0.59712 0.66112 0.63 ± 0.05 
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Figure A.2.11. Plot of kobsd vs. LiTMP concentration in 6.0 M THF with hexane cosolvent for 
the metalation of 3 (0.0025 M) at –40 °C measured with IR spectroscopy (1496 cm–1). The curve 
depicts the result of an unweighted least-squares fit to y = axn (a = 1.39 ± 0.05, n = 0.57 ± 0.02). 
 
 
[THF] (M) kobsd1 × 102 (s–1) kobsd2 × 102 (s–1) kobsdavg × 102 (s–1) 
0.025 0.19712 0.1438 0.17 ± 0.04 
0.070 0.26101 0.36832 0.31 ± 0.08 
0.11 0.4198 0.36122 0.39 ± 0.04 
0.16 0.47688 0.50936 0.49 ± 0.02 
0.20 0.56696 0.5143 0.54 ± 0.04 
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Figure A.2.12. Plot of kobsd vs. THF concentration in hexane for the metalation of 4 (0.010 M) 
by LiTMP (0.10 M) at –40 °C measured with IR spectroscopy (1655 cm–1). The curve depicts 
the result of an unweighted least-squares fit to y = ax + b (a = 0.91 ± 0.02, b = –0.017 ± 0.002). 
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Figure A.2.13. Plot of kobsd vs. LiTMP concentration in 6.0 M THF with hexane cosolvent for 
the metalation of 4 (0.010 M) at –40 °C measured with IR spectroscopy (1655 cm–1). The curve 
depicts the result of an unweighted least-squares fit to y = axn (a = 2.7 ± 0.1, n = 0.57 ± 0.02). 
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III. Derivations 
 
     D-A.2.1. LiTMP-meidated enolization: THF 
 
To simplify the discussion of the mechanistic model, we introduce the following shorthand: A = 
a LiTMP subunit, and S = THF. As shown below, A2S2 corresponds to the disolvated LiTMP 
dimer, and AS2 corresponds to disolvated LiTMP monomer. 
 
 
Given Keq = [AS2]2/{[A2S2][S]2}, and 2[A2S2] + [AS2] = [Atotal], one can solve for [A2S2] as a 
function of [Atotal] and [S]: 




A2S2⎡⎣ ⎤⎦ S⎡⎣ ⎤⎦
2
=
Atotal⎡⎣ ⎤⎦− 2 A2S2⎡⎣ ⎤⎦( )
2





        4 A2S2⎡⎣ ⎤⎦
2
− 4 Atotal⎡⎣ ⎤⎦+ Keq S⎡⎣ ⎤⎦
2( ) A2S2⎡⎣ ⎤⎦+ Atotal⎡⎣ ⎤⎦2 = 0  
Applying the quadratic equation to [A2S2] gives: 
 
    
A2S2⎡⎣ ⎤⎦=
4 Atotal⎡⎣ ⎤⎦+ Keq S⎡⎣ ⎤⎦





4 Atotal⎡⎣ ⎤⎦+ Keq S⎡⎣ ⎤⎦
2
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     D-A.2.2. Mathematica simulation of LiTMP order vs. percent monomer 
 
Knowing that LiTMP exists as a dimer-monomer equilibrium we sought to develop a simulation 
that illustrated how the order in LiTMP (base order) varied with percent monomer relative to the 
total base titer. Consider the following equation: 
 
        1/2 A2 + 2S                   AS2                   [AS2]‡ 
 
for which Keq = [A]2/{[A2][S]^2}. For simplicity, the model assumes reactivity funnels 
exclusively through a monomer-based transition state. Within this section, text within boxes 
contains executable code that can be directly pasted into Mathematica, and images beneath the 





We chose the first set of roots, which correspond to the realistic case of all concentrations being 
positive. We then solve for the concentration of dimer (d) and monomer (m) as a function of the 






We can then use the equilibrium expression to solve for the equilibrium constant (Keq) as a 




Solve[{2 d + m == 0.1, m/(2 d + m) == r/100}, {d, m}] 
m^2/(d*s^2) /. {d -> 0.05` - 0.0005` r, m -> 0.001` r} 
Solve[{keq == a^2/(a2*s^2), a0 == 2*a2 + a}, {a2, a}] 
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With this is hand, we replace all instances of the equilibrium constant (Keq) in the rate expression 








The output from this substitution provides us with the necessary equation to describe LiTMP 
order as a function of percent monomer (observable). If one looks closely at the previous 
input/output, it becomes apparent that the change in solvation has no effect on the contribution of 
the aggregates to the total measured order—all s terms cancel. Therefore, only the change in 
aggregation state in conjunction with the shifting ground state influences the measured order. 
 









Simplify[k*1/4 (-keq s^2 + Sqrt[keq] s Sqrt[8 a0 + keq s^2]) 
/.   keq -> (1.`*^-6 r^2)/((0.05` - 0.0005` r) s^2)] 
Manipulate[Plot[n /.FindFit[Flatten[Table[{k (-((2.5`*^-7 r^2)/(0.05` - 
0.0005` r)) + 0.00025` Sqrt[8 a0 + (1.`*^-6 r^2)/(0.05` - 0.0005` r)] 
Sqrt[r^2/(0.05` - 0.0005` r) ] )}, {a0, 0, 0.25,0.0001}]], a*x^n, {a, n}, x], 
{r, 0, 100}, PlotRange -> {0, 1}], {{k, 1, "rate constant"}, 0, 100}] 




We first generate a table of data, which corresponds to rate vs. base concentration (a0) at a given 
percent monomer (r). We then fit to a simple power function to obtain the LiTMP order. We 
repeat this calculation incrementally from r=0 (no observable monomer) to r=100 (100% 
observable monomer). We include a provision to adjust the rate constant, k, but add there is no 
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Table A.2.2. Optimized geometries at the B3LYP level of theory with 6-31G(d) basis set for 
relevant ground states of LiTMP/THF-mediated ortholithiations with free energies (Hartrees), 
corrected MP2 energies (kcal), and cartesian coordinates (X, Y, Z). (Note: GMP2 includes single-
point MP2 corrections to B3LYP/6-31G(d) optimized structures at the given temperature.) 
 
          
THF (–78 °C) 
          G = –232.357946 
          GMP2 = –145317.665 
 
 
            
Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
H    0.36944100  0.05245400  1.03607400 
H    0.78366900  0.39304900 -0.65835500 
C   -0.43145400 -1.42747100 -0.35907500 
H   -0.36819400 -1.58569300 -1.44243900 
H    0.17898100 -2.19202000  0.13156300 
C   -1.89873200 -1.42780000  0.09478400 
H   -2.50889400 -2.19240900 -0.39610500 
H   -1.96191900 -1.58645800  1.17808700 
C   -2.33082600 -0.00036200 -0.26378100 
H   -2.70107000  0.05220800 -1.29954200 
H   -3.11413200  0.39228800  0.39526100 






          
A2S2 (–78 °C) 
          G = –1296.456254 




            
Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
H   -0.93184200 -0.53199300  0.23483900 
H    0.76398100 -0.77620000 -0.14547200 
C    0.39424400  0.92553200  1.14842500 
H    0.49607000  0.36089700  2.08628100 
H    1.38887300  1.34097900  0.92492200 
C   -0.59074100  2.11271100  1.35418200 
N   -0.91199800  2.83953700  0.09804500 
C   -1.19052500  1.98766800 -1.08691600 
C   -0.16564200  0.83494700 -1.26810400 
H   -0.45998600  0.20130700 -2.11701800 
H    0.81030200  1.27422700 -1.52577600 
C   -1.08637200  2.87248700 -2.34340400 
H   -1.79871500  3.70871300 -2.31125000 
H   -1.30222600  2.30033800 -3.25475200 
H   -0.07780800  3.29034000 -2.44162400 
C   -2.62305200  1.36871800 -1.12858100 
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H   -3.37448500  2.15846400 -1.02721200 
H   -2.80163800  0.85238300 -2.08231700 
Li  -2.25521100  4.44387100  0.05504500 
N   -1.19582100  6.20192000  0.06674400 
Li   0.12525800  4.60742000  0.03482700 
O    2.14443600  4.71693200 -0.01996500 
C    2.97341700  5.69906500  0.64722800 
H    2.96245800  5.48369100  1.72274300 
H    2.53422300  6.68673900  0.48466300 
C    4.37364000  5.53987700  0.04790300 
H    4.48536500  6.17263000 -0.84048100 
H    5.16138300  5.81013700  0.75725600 
C    4.39211600  4.05525800 -0.34844200 
H    5.13367500  3.82062000 -1.11779600 
H    4.59556500  3.42668700  0.52654300 
C    2.95899300  3.84315600 -0.83461300 
H    2.84399100  4.13309200 -1.88793300 
H    2.58703200  2.82411300 -0.70653300 
C   -1.51248300  6.91137100  1.33743700 
C   -2.19060500  8.28866000  1.12592900 
H   -2.39609300  8.74930200  2.10188500 
H   -3.17014000  8.11030700  0.66525000 
C   -1.37269200  9.25280300  0.24696800 
H   -0.75413400  9.90898000  0.87221100 
H   -2.05791500  9.91730600 -0.29441300 
C   -0.47097800  8.49160900 -0.74285800 
C   -1.00294300  7.08496600 -1.11492600 
C    0.04511900  6.46065700 -2.06170100 
H    1.02262300  6.38951900 -1.57161700 
H    0.16783400  7.06012200 -2.97358200 
H   -0.25566900  5.45642400 -2.37671800 
C   -2.30066600  7.24477900 -1.96151400 
H   -3.11595500  7.68660200 -1.38074200 
H   -2.14117100  7.87703700 -2.84736700 
H   -2.63602900  6.26131600 -2.31489200 
H    0.52788500  8.36079900 -0.30704200 
H   -0.32722200  9.08572700 -1.65578600 
C   -2.51416500  6.06962900  2.16250100 
H   -2.70071200  6.51421800  3.14897600 
H   -3.47395000  5.99497500  1.63874700 
H   -2.14234600  5.05280800  2.34241100 
C   -0.25234100  7.11367500  2.22986300 
H   -0.49842100  7.58407100  3.19331600 
H    0.49303800  7.74281700  1.73434500 
H    0.22031400  6.14783200  2.44367100 
O   -4.27873200  4.23550500 -0.07206100 
C   -5.07033400  3.48555900  0.88149200 
H   -5.05101100  4.01470100  1.84329900 
H   -4.60715000  2.50477100  1.00733000 
C   -6.48110600  3.43531000  0.29520700 
H   -6.57563300  2.59519300 -0.40277000 
H   -7.24839400  3.32535800  1.06727300 
C   -6.56056000  4.77152500 -0.45832500 
H   -7.32228100  4.78344600 -1.24346600 
H   -6.77610600  5.59046100  0.23810900 
C   -5.14427300  4.90660200 -1.02073300 
H   -5.04615000  4.40613300 -1.99267800 
H   -4.80406300  5.93919200 -1.11987800 
C    0.12507800  3.08648500  2.31574000 
H   -0.50846500  3.94147300  2.57203800 
H    0.38902100  2.58793400  3.25712600 
H    1.05517200  3.46312700  1.87324500 
C   -1.83783500  1.59687500  2.13255700 
H   -1.55797100  1.19091500  3.11479700 
H   -2.53868200  2.42308100  2.30241500 




          
AS2 (–78 °C) 
          G = –880.575136 
          GMP2 = –550642.897 
 
 
            
Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 




  164 
H    0.56133000  0.88448500  0.33118600 
C   -0.89292400  0.35723200 -1.19268800 
H   -0.29118200  0.78020100 -2.01091300 
H   -1.34502100 -0.57012800 -1.57584200 
C   -2.04274800  1.32709400 -0.79672700 
N   -2.77693400  0.86481800  0.38098700 
C   -2.00128400  0.42878100  1.54168400 
C   -0.85389600 -0.54473100  1.15022800 
H   -0.22342800 -0.77560400  2.02190500 
H   -1.30823300 -1.49291600  0.82429600 
C   -1.41100100  1.58316700  2.41116100 
H   -2.19795300  2.30976900  2.64572100 
H   -1.00083700  1.20555400  3.35896600 
H   -0.60619700  2.12364800  1.90638000 
C   -2.96902700 -0.33856100  2.46966100 
H   -3.79424100  0.31442400  2.79169700 
H   -2.47000700 -0.70442100  3.37624200 
H   -3.39550700 -1.20455800  1.94623000 
Li  -4.62479000  0.59603900  0.31422200 
C   -1.46847600  2.77415100 -0.68467700 
H   -2.25527000  3.45606400 -0.34049600 
H   -0.63992300  2.84571700  0.02462300 
H   -1.09693700  3.13798000 -1.65356400 
C   -3.04656700  1.36567000 -1.97021400 
H   -3.87216700  2.05878000 -1.74701100 
H   -3.47130100  0.36959300 -2.15077800 
H   -2.57892100  1.70606500 -2.90303400 
C   -7.09920100  2.31019900  0.00498000 
H   -8.03925300  2.33551800  0.57610300 
H   -7.18987700  1.56883800 -0.79333000 
C   -6.69360500  3.70457300 -0.46459500 
H   -5.95408500  3.62509200 -1.26912300 
H   -7.54058300  4.29230100 -0.83154600 
C   -6.05377200  4.29445700  0.80676700 
H   -5.29068400  5.04454400  0.58120500 
H   -6.81689800  4.77261800  1.43066900 
C   -5.45828800  3.06384300  1.52118300 
H   -4.37361100  2.97283700  1.41490800 
H   -5.72523400  3.02820000  2.58331000 
O   -6.02206400  1.89162800  0.86177300 
C   -6.76867200 -1.52092800  0.53848900 
H   -7.65807700 -1.66175100 -0.09358400 
H   -7.00230700 -0.79778500  1.32375200 
C   -6.22446400 -2.85541500  1.04057800 
H   -5.55814500 -2.68799400  1.89365800 
H   -7.01453300 -3.54623700  1.35014300 
C   -5.43131400 -3.35502500 -0.18213100 
H   -4.59847200 -4.00704100  0.09542700 
H   -6.08546800 -3.91939000 -0.85573300 
C   -4.94725800 -2.05587900 -0.85914600 
H   -3.89089900 -1.83517200 -0.68368300 
H   -5.13904400 -2.05178300 -1.93783200 




          
AS3 (–78 °C) 
          G = –1112.914623 




            
Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
H   -0.93184200 -0.53199300  0.23483900 
H    0.76398100 -0.77620000 -0.14547200 
C    0.39424400  0.92553200  1.14842500 
H    0.49607000  0.36089700  2.08628100 
H    1.38887300  1.34097900  0.92492200 
C   -0.59074100  2.11271100  1.35418200 
N   -0.91199800  2.83953700  0.09804500 
C   -1.19052500  1.98766800 -1.08691600 
C   -0.16564200  0.83494700 -1.26810400 
H   -0.45998600  0.20130700 -2.11701800 
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C   -1.08637200  2.87248700 -2.34340400 
H   -1.79871500  3.70871300 -2.31125000 
H   -1.30222600  2.30033800 -3.25475200 
H   -0.07780800  3.29034000 -2.44162400 
C   -2.62305200  1.36871800 -1.12858100 
H   -2.79315800  0.63944800 -0.33295700 
H   -3.37448500  2.15846400 -1.02721200 
H   -2.80163800  0.85238300 -2.08231700 
Li  -2.25521100  4.44387100  0.05504500 
N   -1.19582100  6.20192000  0.06674400 
Li   0.12525800  4.60742000  0.03482700 
O    2.14443600  4.71693200 -0.01996500 
C    2.97341700  5.69906500  0.64722800 
H    2.96245800  5.48369100  1.72274300 
H    2.53422300  6.68673900  0.48466300 
C    4.37364000  5.53987700  0.04790300 
H    4.48536500  6.17263000 -0.84048100 
H    5.16138300  5.81013700  0.75725600 
C    4.39211600  4.05525800 -0.34844200 
H    5.13367500  3.82062000 -1.11779600 
H    4.59556500  3.42668700  0.52654300 
C    2.95899300  3.84315600 -0.83461300 
H    2.84399100  4.13309200 -1.88793300 
H    2.58703200  2.82411300 -0.70653300 
C   -1.51248300  6.91137100  1.33743700 
C   -2.19060500  8.28866000  1.12592900 
H   -2.39609300  8.74930200  2.10188500 
H   -3.17014000  8.11030700  0.66525000 
C   -1.37269200  9.25280300  0.24696800 
H   -0.75413400  9.90898000  0.87221100 
H   -2.05791500  9.91730600 -0.29441300 
C   -0.47097800  8.49160900 -0.74285800 
C   -1.00294300  7.08496600 -1.11492600 
C    0.04511900  6.46065700 -2.06170100 
H    1.02262300  6.38951900 -1.57161700 
H    0.16783400  7.06012200 -2.97358200 
H   -0.25566900  5.45642400 -2.37671800 
C   -2.30066600  7.24477900 -1.96151400 
H   -3.11595500  7.68660200 -1.38074200 
H   -2.14117100  7.87703700 -2.84736700 
H   -2.63602900  6.26131600 -2.31489200 
H    0.52788500  8.36079900 -0.30704200 
H   -0.32722200  9.08572700 -1.65578600 
C   -2.51416500  6.06962900  2.16250100 
H   -2.70071200  6.51421800  3.14897600 
H   -3.47395000  5.99497500  1.63874700 
H   -2.14234600  5.05280800  2.34241100 
C   -0.25234100  7.11367500  2.22986300 
H   -0.49842100  7.58407100  3.19331600 
H    0.49303800  7.74281700  1.73434500 
H    0.22031400  6.14783200  2.44367100 
O   -4.27873200  4.23550500 -0.07206100 
C   -5.07033400  3.48555900  0.88149200 
H   -5.05101100  4.01470100  1.84329900 
H   -4.60715000  2.50477100  1.00733000 
C   -6.48110600  3.43531000  0.29520700 
H   -6.57563300  2.59519300 -0.40277000 
H   -7.24839400  3.32535800  1.06727300 
C   -6.56056000  4.77152500 -0.45832500 
H   -7.32228100  4.78344600 -1.24346600 
H   -6.77610600  5.59046100  0.23810900 
C   -5.14427300  4.90660200 -1.02073300 
H   -5.04615000  4.40613300 -1.99267800 
H   -4.80406300  5.93919200 -1.11987800 
C    0.12507800  3.08648500  2.31574000 
H   -0.50846500  3.94147300  2.57203800 
H    0.38902100  2.58793400  3.25712600 
H    1.05517200  3.46312700  1.87324500 
C   -1.83783500  1.59687500  2.13255700 
H   -1.55797100  1.19091500  3.11479700 
H   -2.53868200  2.42308100  2.30241500 
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1 (–78 °C) 
          G = –906.234214 




            
Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
C   -1.50628400  0.01470000 -0.04260800 
C   -2.20922400 -1.19482000 -0.03627300 
H   -1.66871600 -2.13528900 -0.05072600 
C   -3.59950900 -1.18619100 -0.02081600 
H   -4.15079200 -2.12131700 -0.01888900 
C   -4.28918300  0.03108900 -0.01172600 
C   -3.58864500  1.23692100 -0.02045500 
H   -4.12890600  2.17661700 -0.01802000 
C   -2.19431200  1.22845000 -0.03538000 
H   -1.64406900  2.16292800 -0.04841500 
C   -5.79572400  0.00760500  0.00414100 
F   -6.32789500  1.24690200  0.01107900 
F   -6.28810300 -0.64012600 -1.07605900 
F   -6.26445900 -0.64218400  1.09352400 
F    0.52971200  1.12319100 -0.53001300 
F    0.50791700 -1.05178200 -0.67883200 




          
2 (–78 °C) 
          G = –906.235281 




            
Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
C    1.30595600  0.75079400  0.02869900 
C    2.51087200  0.04811000 -0.00223900 
H    2.51087200 -1.03580500 -0.00223900 
C    3.71578800  0.75079400 -0.03317700 
C    3.71864200  2.14811600 -0.03447700 
C    2.51087200  2.84347200 -0.00223900 
H    2.51087200  3.92917900 -0.00223900 
C    1.30310200  2.14811600  0.02999900 
H    0.36063200  2.68457300  0.06144400 
H    4.66111200  2.68457300 -0.06592200 
C    5.02174400  0.00000000 -0.00447800 
F    5.99786900  0.67456800 -0.65066100 
F    4.91477200 -1.21641600 -0.58010000 
F    5.45208700 -0.19861100  1.26252300 
F   -0.97612500  0.67456800  0.64618300 
F    0.10697200 -1.21641600  0.57562100 
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3 (–40 °C) 
          G = –461.153141 
          GMP2 = – 288461.342 
 
 
            
Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
O    0.34817800  1.37452300 -0.00001500 
C    1.67304100  1.70514300 -0.00001000 
C    2.71155100  0.77588800 -0.00001100 
C    4.04380600  1.22219100 -0.00000700 
C    4.33789500  2.58732100 -0.00000500 
C    3.27612800  3.50243100 -0.00000500 
C    1.95495600  3.08278900 -0.00000700 
H    1.12937800  3.78661700 -0.00000800 
H    3.49779300  4.56650100 -0.00000100 
H    5.36001400  2.94621900  0.00000100 
O    4.97997100  0.22564000 -0.00000800 
C    6.34872200  0.59497500 -0.00000700 
H    6.61076600  1.17599000 -0.89434600 
H    6.91223000 -0.34027600 -0.00001200 
H    6.61076400  1.17598200  0.89433800 
H    2.53636000 -0.29287000 -0.00001200 
H    0.37882800 -0.51267300  0.89423200 
H    0.37882100 -0.51269100 -0.89422300 




          
4 (–40 °C) 
          G = –556.788405 




            
Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
C    0.27714300 -1.53802700  0.00004300 
N   -1.07582200 -2.13027000  0.00005300 
C   -1.91843800 -1.17072800  0.00003200 
C   -3.38476300 -1.30798200  0.00003500 
C   -3.95446200 -2.59038700  0.00002800 
C   -5.33809000 -2.73875000  0.00003300 
C   -6.16538700 -1.61134200  0.00004500 
C   -5.60181600 -0.33425100  0.00005100 
C   -4.21589600 -0.17930500  0.00004600 
H   -3.77170300  0.81013500  0.00004900 
H   -6.24192800  0.54387100  0.00006100 
H   -7.24582300 -1.72923000  0.00004900 
H   -5.77388500 -3.73418800  0.00002700 
H   -3.29600600 -3.45277000  0.00002100 
O   -1.43895000  0.11276300  0.00000300 
C    1.02639500 -1.98728300 -1.26304900 
H    2.03452800 -1.55554300 -1.29352100 
H    1.11620500 -3.07792800 -1.28304900 
H    0.48890800 -1.67411400 -2.16469100 
C    1.02638000 -1.98721400  1.26317000 
H    1.11618400 -3.07785800  1.28323400 
H    2.03451400 -1.55547700  1.29362700 
H    0.48888400 -1.67399000  2.16478800 
H    0.38213400  0.50885700 -0.89132700 
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Table A.2.3. Optimized geometries at the B3LYP level of theory with 6-31G(d) basis set for 
relevant transition states of LiTMP/THF-mediated ortholithiation of 1 at –78 °C with free 
energies (Hartrees), corrected MP2 energies (kcal), and cartesian coordinates (X, Y, Z). (Note: 
GMP2 includes single-point MP2 corrections to B3LYP/6-31G(d) optimized structures.) 
 
 
          
1-A2S4 
          G = –2667.335463 




            
Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
C    0.71694400 -1.14002400 -0.66933800 
C    0.35965800 -1.44299000 -1.99328600 
C    0.97976800 -2.49963900 -2.65080800 
H    0.73063700 -2.73313800 -3.68102200 
C    1.94507800 -3.24462900 -1.96537300 
C    2.29549800 -2.90837600 -0.65300800 
C    1.71231500 -1.83506600  0.04916800 
H    3.07397000 -3.49913400 -0.16951800 
C    2.57111100 -4.43194100 -2.63982500 
F    1.84437300 -5.57196900 -2.41989900 
F    3.81745700 -4.68722200 -2.20167900 
F    2.63394200 -4.28645800 -3.98508800 
H   -0.38831900 -0.85195000 -2.51270000 
F   -1.04838700  0.47886100 -0.73456600 
F   -0.55140900 -0.37012800  1.19845500 
F    0.78962000  1.06218300  0.26431700 
H    2.41346100 -1.54184300  1.25741800 
Li   3.84453600 -3.41564000  2.25821200 
N    3.29682200 -1.45086300  2.30397300 
C    2.53241700 -1.10962600  3.53739700 
C    2.05527500  0.36892400  3.54739100 
C    3.17503100  1.36307600  3.22249700 
H    2.76281300  2.37860900  3.14537800 
H    3.90565000  1.39575300  4.04165600 
C    3.86151000  0.97202800  1.90994700 
C    4.37866600 -0.49034600  1.92207300 
C    5.64472600 -0.56949200  2.81879600 
H    5.96215500 -1.60712600  2.95776100 
H    6.47384200 -0.02633900  2.34612900 
H    5.50329100 -0.13077900  3.80876300 
C    4.84404900 -0.84426200  0.49429100 
H    5.21634200 -1.87571700  0.44083900 
H    5.66237100 -0.18248200  0.18565400 
H    4.03575400 -0.74207500 -0.23325800 
H    4.69301800  1.65846600  1.69480800 
H    3.13988400  1.07754000  1.09069800 
H    1.60587400  0.60515500  4.52368100 
H    1.26274700  0.48306200  2.79903600 
C    3.29773900 -1.41334300  4.85526500 
H    2.60940300 -1.37745500  5.71150000 
H    4.10312600 -0.70608300  5.06229800 
H    3.73722700 -2.41813300  4.82048000 
C    1.28017800 -2.01071200  3.56208400 
H    1.56137200 -3.06480500  3.66972700 
H    0.69724100 -1.90211400  2.64500800 
H    0.64242100 -1.74724400  4.41740000 
N    4.21621200 -5.25737600  2.14349300 
C    3.24032200 -6.34485000  2.14894600 
C    3.54359800 -7.40944700  3.24400600 
C    4.99310600 -7.89970600  3.19338700 
H    5.19235000 -8.58724200  4.02778400 
H    5.16592300 -8.47994500  2.27642700 
C    5.94665000 -6.70262800  3.25066500 
C    5.63238700 -5.64254700  2.15710000 
C    6.18674000 -6.14238800  0.78626600 
H    5.86260700 -5.46355600 -0.01009700 
H    7.28572400 -6.17763900  0.78765700 
H    5.83704900 -7.14540300  0.52745400 
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H    6.32862300 -3.61506700  1.72030900 
H    7.52128400 -4.59531500  2.57685200 
H    6.11870300 -3.95924600  3.45974800 
H    6.99101600 -7.04014400  3.17127500 
H    5.83938900 -6.22005500  4.23343400 
H    2.84723300 -8.25893600  3.16121800 
H    3.36959500 -6.94513800  4.22629900 
C    3.05178400 -7.07394900  0.78019200 
H    2.92084900 -6.34182400 -0.02270000 
H    3.90824700 -7.69782600  0.51330600 
H    2.17147900 -7.73575100  0.79635000 
C    1.86952100 -5.72603000  2.48886800 
H    1.59186900 -4.96787300  1.74338800 
H    1.91014200 -5.24482000  3.47345100 
H    1.07793800 -6.49084400  2.51184400 
C   -5.57785700 -5.70085500  0.58925800 
H   -5.34665100 -6.69800000  0.97815500 
H   -4.97842500 -5.52870900 -0.31005400 
C   -7.08118700 -5.48968000  0.34961000 
H   -7.66903600 -6.18135400  0.96303000 
H   -7.35881600 -5.65113200 -0.69559600 
C   -7.30585300 -4.04230400  0.81812900 
H   -7.02789700 -3.33161500  0.03100200 
H   -8.33984800 -3.84075000  1.11203800 
C   -6.33044900 -3.94268500  1.98744300 
H   -5.98164300 -2.93078900  2.20520000 
H   -6.75405000 -4.38128900  2.90189200 
O   -5.17999300 -4.71197600  1.57536800 
Li  -3.31634000 -4.08714100  1.85427500 
O   -2.22208200 -4.97016100  0.51356200 
C   -1.78203100 -6.35297700  0.61466500 
H   -2.68066200 -6.97992400  0.66267000 
H   -1.21467300 -6.47695700  1.54178000 
C   -0.93936100 -6.63137500 -0.63884400 
H   -1.10137500 -7.64150200 -1.02562900 
H    0.12693200 -6.52189400 -0.42130800 
C   -1.38799200 -5.53177700 -1.61479400 
H   -0.62776600 -5.31081700 -2.36523200 
H   -2.32000400 -5.80909300 -2.12300000 
C   -1.62649700 -4.36327000 -0.66733800 
H   -0.69066200 -3.86844500 -0.38794100 
H   -2.33169900 -3.61447900 -1.03765000 
O   -3.41416600 -2.12183600  1.86439100 
C   -3.72650000 -1.24286000  0.74971200 
H   -4.66656000 -1.59985600  0.31362500 
H   -2.93362500 -1.31324000  0.00085800 
C   -3.83968800  0.17870400  1.33119500 
H   -4.69392300  0.72445800  0.92065600 
H   -2.93317700  0.74231900  1.10135700 
C   -3.95539000 -0.05945000  2.84754800 
H   -3.58293900  0.78196100  3.43859200 
H   -4.99560100 -0.24951300  3.13910100 
C   -3.11541000 -1.31811300  3.03321800 
H   -2.04461800 -1.08961100  3.05299800 
H   -3.37663900 -1.91821300  3.90801600 
O   -2.74414200 -4.67316300  3.63630200 
C   -1.36980500 -4.46456800  4.07961400 
H   -1.30501800 -3.47299300  4.54066000 
H   -0.72147100 -4.48709500  3.20143800 
C   -1.09277500 -5.57962700  5.08501700 
H   -0.33339800 -5.29332600  5.81722200 
H   -0.74065800 -6.48107800  4.57169100 
C   -2.48054000 -5.81019100  5.70302000 
H   -2.59016800 -6.79363300  6.16903900 
H   -2.69424100 -5.04846700  6.46189800 
C   -3.40336100 -5.63458400  4.49583300 
H   -3.52637000 -6.57528400  3.94350500 
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Table A.2.4. Optimized geometries at the B3LYP level of theory with 6-31G(d) basis set for 
relevant transition states of LiTMP/THF-mediated ortholithiation of 2 at –78 °C with free 
energies (Hartrees), corrected MP2 energies (kcal), and cartesian coordinates (X, Y, Z). (Note: 
GMP2 includes single-point MP2 corrections to B3LYP/6-31G(d) optimized structures.) 
 
 
           
2-A2S4 
          G = –2667.337914 




            
Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
C    0.69713800 -1.30409400  0.25979700 
C    0.04105700 -2.48219600 -0.11146300 
C    0.66289100 -3.71149700  0.11412900 
C    1.92769800 -3.74225400  0.71168100 
C    2.55974900 -2.54531300  1.05485900 
C    1.98468300 -1.27582900  0.83788600 
H    3.55427700 -2.61857400  1.50207700 
H    2.42024600 -4.69444800  0.88948000 
C   -0.05901200 -4.97074600 -0.23677500 
F   -0.74611300 -4.86637100 -1.40720000 
F   -1.01021900 -5.30709900  0.70269900 
F    0.74995200 -6.03854200 -0.34097600 
H   -0.93918200 -2.45262500 -0.57579200 
F    0.50948900  0.70112200 -1.03440300 
F   -1.34016300 -0.15260400 -0.27817100 
F    0.03750000  0.83242300  1.08207400 
H    2.84316600 -0.18566100  1.12825200 
C   -5.06674200 -1.64193700  4.78678200 
H   -4.59557400 -0.65615000  4.75204600 
H   -4.43789200 -2.31459600  5.38247200 
C   -6.51082900 -1.62227100  5.28807200 
H   -7.00631700 -0.68923600  4.99511400 
H   -6.57579200 -1.71389700  6.37584900 
C   -7.12496600 -2.81465400  4.53872000 
H   -6.86318600 -3.75495800  5.03715200 
H   -8.21457800 -2.76404600  4.46002200 
C   -6.43695600 -2.72309600  3.17507400 
H   -6.29816100 -3.69278900  2.68886500 
H   -6.98345000 -2.06200800  2.48964700 
O   -5.13304600 -2.15114200  3.43040700 
Li  -3.67736200 -1.56436200  2.18042000 
O   -2.09765900 -2.08184200  3.19050200 
C   -1.03989200 -1.24389200  3.74290800 
H   -1.48599500 -0.60926300  4.51954000 
H   -0.64429300 -0.61467000  2.94486400 
C   -0.00043500 -2.20785900  4.31609400 
H    0.53493700 -1.77697900  5.16621400 
H    0.73565800 -2.46780400  3.54909000 
C   -0.85170200 -3.43130100  4.68807500 
H   -0.26887800 -4.35380300  4.75965700 
H   -1.36395100 -3.27376300  5.64534800 
C   -1.85676700 -3.47212700  3.54005300 
H   -1.44727000 -3.98847600  2.66680700 
H   -2.82133700 -3.91627800  3.80618100 
O   -4.10461600 -2.43129800  0.45439600 
C   -4.12439600 -3.87295000  0.24599000 
H   -5.02835800 -4.26793400  0.72535900 
H   -3.24361700 -4.30880900  0.72141700 
C   -4.14006000 -4.08336700 -1.27126900 
H   -4.70139200 -4.97822300 -1.55486000 
H   -3.11853700 -4.19448500 -1.64600800 
C   -4.77595800 -2.78349800 -1.78720500 
H   -4.52217100 -2.56480700 -2.82830900 
H   -5.86847200 -2.82483800 -1.70208900 
C   -4.20341300 -1.74858000 -0.82295000 
H   -3.20633700 -1.41353500 -1.12569000 
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C   -3.12889900  1.52106100  2.04457900 
H   -2.11112600  1.14744700  1.95767000 
H   -3.23219900  2.09912700  2.97428900 
C   -3.60688100  2.30932100  0.82786400 
H   -3.16402900  1.87876900 -0.07477400 
H   -3.32122100  3.36352000  0.87675300 
C   -5.14150300  2.09980700  0.85318800 
H   -5.66144600  2.97812600  1.24695500 
H   -5.53814400  1.90757600 -0.14773800 
C   -5.34016400  0.88663200  1.79434900 
H   -5.83430700  1.18142300  2.72996900 
H   -5.90592400  0.06576900  1.34655900 
O   -4.02226900  0.38527100  2.09645500 
C    3.21145200  3.53971600  1.20024700 
H    2.52167700  4.36746100  0.98304500 
H    4.16289500  4.00661800  1.48800100 
C    2.66477600  2.68279500  2.34401500 
H    2.54894000  3.28397800  3.25781000 
H    1.66363300  2.33239500  2.06397700 
C    3.55578800  1.44699700  2.64608900 
N    3.88191300  0.65208200  1.42690700 
C    4.29164100  1.42176100  0.21489800 
C    3.39466200  2.66467500 -0.04074700 
H    3.81223300  3.25230100 -0.87075800 
H    2.40606700  2.31627200 -0.36748200 
C    5.77912700  1.86706300  0.25428400 
H    6.43282000  1.01358400  0.47445100 
H    6.08617800  2.27555900 -0.71814800 
H    5.97815600  2.63475200  1.00593700 
C    4.14523100  0.49850200 -1.01281400 
H    4.76341600 -0.39928400 -0.91445400 
H    4.46701700  1.02310900 -1.92126700 
H    3.10885900  0.18296400 -1.15529100 
Li   5.20361900 -0.87474500  1.84114800 
N    6.20774600 -2.42742800  2.22986700 
C    6.57112400 -2.79976300  3.60053000 
C    8.10145500 -3.02306500  3.77651600 
C    8.69090600 -3.94997800  2.71114600 
H    9.78305400 -4.01100200  2.82162100 
H    8.31637100 -4.97422600  2.84654400 
C    8.32356100 -3.43069200  1.31921400 
C    6.79077500 -3.23233500  1.15041400 
C    6.12788600 -4.63138300  0.93566400 
H    5.03855500 -4.52162400  0.88904200 
H    6.46443900 -5.09263500 -0.00410600 
H    6.35503900 -5.33826300  1.73786400 
C    6.57081900 -2.46689100 -0.16911100 
H    5.49849000 -2.37170000 -0.38513200 
H    7.02973300 -2.98403400 -1.02217300 
H    7.00815900 -1.46195900 -0.10885300 
H    8.71205900 -4.10513300  0.54099100 
H    8.81071500 -2.45549500  1.17138300 
H    8.31964900 -3.40632300  4.78502000 
H    8.59746400 -2.04485400  3.69300900 
C    5.80622300 -4.04238800  4.15773300 
H    4.73277200 -3.92363400  3.96793300 
H    6.12169700 -4.97926500  3.69099200 
H    5.95524000 -4.15604200  5.24182500 
C    6.18674100 -1.62621800  4.52221300 
H    5.10477800 -1.44150700  4.48709800 
H    6.70604200 -0.71178300  4.21067400 
H    6.44999900 -1.82603300  5.56952100 
C    4.80812900  1.92616300  3.43030700 
H    4.51718100  2.32585600  4.41175900 
H    5.35899400  2.71507100  2.91269900 
H    5.50280300  1.09802400  3.60420200 
C    2.76262400  0.52583500  3.59751400 
H    3.33968500 -0.36849800  3.86029100 
H    1.83048000  0.19574500  3.13110200 
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2-AS2 (external) 
          G = –1786.784042 




            
Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
C    1.16963400  0.91262200  0.18214000 
C    0.91832800  2.29930800  0.22772900 
C    2.07774300  3.09102100  0.32734200 
C    3.36761600  2.56142300  0.38064900 
C    3.55475100  1.17550000  0.33678100 
C    2.44477900  0.33887000  0.23440600 
H    2.57991400 -0.73642700  0.18926500 
C    4.93066400  0.59151700  0.45744400 
F    5.30691200  0.42777400  1.75168200 
F    5.87025700  1.38030500 -0.11580300 
F    5.02138800 -0.62845100 -0.12445200 
H    4.23309300  3.21573000  0.44954000 
H    1.97950100  4.17661600  0.36226400 
F    0.26476600 -1.30722900  0.18788900 
F   -0.57562000  0.10554400 -1.22978900 
F   -1.04081500  0.29159100  0.87998800 
Li  -2.56878800  1.59534500  0.37815400 
N   -1.64363500  3.40296700  0.31374400 
C   -1.79263200  4.21078300 -0.93471700 
C   -1.38871300  3.30715700 -2.11858700 
H   -0.38354400  2.89892500 -1.98724400 
H   -2.09039500  2.47126100 -2.22042100 
H   -1.41037000  3.87569000 -3.05669300 
C   -0.85409300  5.44576500 -0.93099900 
C   -0.97878700  6.28666200  0.34428700 
H   -0.23908100  7.09817600  0.33431800 
H   -1.96109500  6.77685300  0.38195900 
C   -0.77489500  5.40721300  1.58293500 
C   -1.70066400  4.16185400  1.60027600 
C   -3.13410200  4.60489700  1.99878000 
H   -3.85102700  3.79219000  1.83553700 
H   -3.16646200  4.87904600  3.06203000 
H   -3.48949600  5.47190100  1.43722500 
C   -1.19826200  3.21567800  2.71321100 
H   -1.83615700  2.32793800  2.79991500 
H   -1.20321400  3.72895000  3.68283100 
H   -0.17977500  2.87300600  2.51360000 
H   -0.92921900  5.99462700  2.49921900 
H    0.26715300  5.06320100  1.60538900 
H   -1.05247000  6.06440200 -1.81756700 
H    0.18089000  5.09012400 -1.02179100 
C   -3.24743700  4.66685300 -1.21743700 
H   -3.93659700  3.82103400 -1.10940400 
H   -3.59349900  5.46482000 -0.55713900 
H   -3.33245400  5.04049600 -2.24670900 
O   -3.73448200  0.70946100  1.90014900 
C   -3.70944300 -0.73829800  1.95284400 
H   -2.74388200 -1.06361800  2.35714100 
H   -3.80459500 -1.10609200  0.92831500 
C   -4.86370100 -1.13237600  2.87178600 
H   -5.80911700 -1.15621100  2.31631100 
H   -4.71414300 -2.11325900  3.33238900 
C   -4.86125300  0.02280300  3.88358800 
H   -5.81424200  0.14707800  4.40599400 
H   -4.08007300 -0.13359200  4.63629000 
C   -4.52039800  1.22821300  3.00263500 
H   -5.42208900  1.69912100  2.59022600 
H   -3.93485000  1.99172500  3.51912600 
O   -3.75026000  0.72959400 -1.06897000 
C   -3.42360200 -0.13585100 -2.18939300 
H   -3.04881700 -1.08318400 -1.78634000 
H   -2.62804300  0.33339000 -2.77118700 
C   -4.72662200 -0.31930500 -2.97445900 
H   -4.81821200  0.44866300 -3.75094200 
H   -4.78230200 -1.29804800 -3.45964000 
C   -5.79937100 -0.11192300 -1.89419400 
H   -6.77477200  0.17286100 -2.29944600 
H   -5.92864600 -1.02402900 -1.29909300 
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H   -5.35998300  1.98441500 -1.48067500 
H   -5.48870700  0.99543500 -0.00305700 




          
2-AS2 (internal) 
          G = –1786.779685 




            
Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
C    1.48855000 -0.02357800  0.11546500 
C    2.15079100  1.14893800  0.54228700 
C    3.55371600  0.99433400  0.61701800 
C    4.22477200 -0.19256700  0.29663100 
C    3.51108100 -1.31132900 -0.12422600 
C    2.12761500 -1.22749600 -0.21455000 
H    1.54971000 -2.08849300 -0.53544000 
H    4.02684900 -2.23391700 -0.37384800 
H    5.30535900 -0.24223100  0.37756000 
C    4.40704300  2.15961400  1.04864600 
F    4.35161800  3.19092000  0.16661700 
F    4.03263400  2.65636700  2.25398000 
F    5.71986000  1.83984900  1.16697400 
F   -0.56774800 -1.18808600 -0.28410600 
F   -0.46718800  0.87593600 -0.94762400 
F   -0.61194500  0.43099000  1.16363700 
Li  -1.24601700  2.38451500  0.80250800 
N    0.52600400  3.41928900  0.99740100 
C    0.76755100  4.46505300 -0.04925500 
C    1.19009200  3.75371500 -1.35139000 
H    2.12987700  3.21229600 -1.22231500 
H    0.43123000  3.03453100 -1.67768000 
H    1.32953900  4.48655500 -2.15596600 
C    1.90109900  5.45818900  0.32430800 
C    1.74218500  6.04864800  1.72551600 
H    2.59506300  6.69943700  1.96036600 
H    0.85017300  6.68782700  1.78097400 
C    1.66036000  4.90752200  2.73965000 
C    0.52957000  3.89334600  2.41793500 
C   -0.82054800  4.54315500  2.84323900 
H   -1.67800400  3.91892800  2.56276300 
H   -0.85836100  4.67546900  3.93325700 
H   -0.97686500  5.52777700  2.39567200 
C    0.74150700  2.66047500  3.32302900 
H   -0.03404700  1.90218700  3.16367400 
H    0.71368600  2.95333800  4.38037400 
H    1.70728900  2.18970700  3.12733100 
H    1.51455200  5.30058800  3.75619100 
H    2.61692000  4.37708900  2.73987100 
H    1.94276400  6.25724000 -0.42952700 
H    2.85912600  4.93167600  0.27889100 
C   -0.50310300  5.29029900 -0.39517000 
H   -1.32933100  4.62368700 -0.66112200 
H   -0.83678100  5.92839700  0.42732700 
H   -0.31122500  5.94643700 -1.25511400 
O   -2.87419500  1.60839100  2.27761700 
C   -3.62352400  0.46116000  1.81192600 
H   -2.92271000 -0.34932200  1.58138800 
H   -4.13912900  0.74595600  0.89061100 
C   -4.56230700  0.08131500  2.95741000 
H   -5.48259100  0.67658200  2.91781200 
H   -4.84012900 -0.97664500  2.93537500 
C   -3.72538800  0.46868300  4.18535200 
H   -4.32220700  0.62610600  5.08863700 
H   -2.98189200 -0.30780600  4.39959600 
C   -3.03742800  1.74999000  3.70994600 
H   -3.65634800  2.63610400  3.90427400 
H   -2.05376300  1.90921800  4.15671800 
O   -2.82445500  2.72323300 -0.45612200 
C   -2.88923300  2.46444800 -1.88352300 
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H   -1.92658400  2.72844500 -2.32808200 
C   -4.05338000  3.30878100 -2.41217900 
H   -3.69735300  4.29669900 -2.72538200 
H   -4.54883600  2.84065800 -3.26771000 
C   -4.95884000  3.43854100 -1.17741400 
H   -5.63497200  4.29728300 -1.22409300 
H   -5.56387100  2.53333900 -1.04535600 
C   -3.93148000  3.56517100 -0.05481900 
H   -3.57431400  4.59847200  0.04532400 
H   -4.27153000  3.21188400  0.92043600 
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Table A.2.5. Optimized geometries at the B3LYP level of theory with 6-31G(d) basis set for 
relevant transition states of LiTMP/THF-mediated ortholithiation of 3 at –40 °C with free 
energies (Hartrees), corrected MP2 energies (kcal), and cartesian coordinates (X, Y, Z). (Note: 
GMP2 includes single-point MP2 corrections to B3LYP/6-31G(d) optimized structures.) 
 
 
          
3-AS2 (internal) 
          G = –1341.698652 




            
Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
H    0.33073000 -1.04645100 -0.04128400 
H    0.86927900  0.65417500 -0.08991200 
H   -0.68697800  0.18971400 -0.83256600 
O   -0.61668600  0.31135400  1.24268700 
C   -1.96867300 -0.08412300  1.41021900 
C   -2.44560600 -1.24386100  0.78234000 
C   -3.77675500 -1.59146000  1.00225900 
C   -4.59141000 -0.81161700  1.82703800 
C   -4.04571400  0.33273200  2.43066700 
C   -2.71637100  0.73837800  2.24165500 
O   -4.79383600  1.15220300  3.25899500 
C   -6.15370800  0.83568400  3.47600600 
H   -6.73019000  0.83914300  2.53992000 
H   -6.27652000 -0.14360800  3.96107000 
H   -6.54455700  1.61207000  4.13819100 
H   -5.62468500 -1.10518500  1.97991500 
H   -4.18687100 -2.48130300  0.53052200 
H   -1.81684000 -1.86415800  0.15030800 
Li   0.06175100  1.62370000  2.67438000 
N   -1.40288100  3.03777600  3.04736200 
C   -1.78770200  3.39851800  4.44268100 
C   -3.19730400  4.05120000  4.51622000 
C   -3.40693300  5.17477700  3.49846700 
H   -4.44973600  5.51918400  3.53175000 
H   -2.79350400  6.05024700  3.75296000 
C   -3.06443400  4.66945100  2.09441000 
C   -1.62738200  4.08972900  2.01388000 
C   -0.61050800  5.26265200  2.06522600 
H    0.40893400  4.88108400  2.17327400 
H   -0.65924100  5.84721000  1.13626100 
H   -0.79078600  5.95810000  2.88760300 
C   -1.45528400  3.43665200  0.62601600 
H   -0.42724800  3.07802600  0.48318300 
H   -1.66258300  4.16853600 -0.16463300 
H   -2.13349300  2.58998900  0.49687500 
H   -3.18405100  5.47446800  1.35457600 
H   -3.77305500  3.87491100  1.82400200 
H   -3.38008400  4.41803400  5.53694300 
H   -3.93726700  3.26695200  4.31758900 
C   -0.74593400  4.30576400  5.14883200 
H    0.26299600  3.89352800  5.01830900 
H   -0.73589500  5.33082400  4.77128800 
H   -0.95296700  4.36124300  6.22650000 
C   -1.85932300  2.09641800  5.26804000 
H   -0.88639600  1.59511000  5.28844200 
H   -2.59589500  1.40474100  4.85255500 
H   -2.14511800  2.32089200  6.30351000 
O    0.74766700  0.17614000  4.04653900 
C    1.61683800  0.35913500  5.18478300 
H    1.22661200  1.17801100  5.80232300 
H    2.60889500  0.64247200  4.81869000 
C    1.60171400 -0.97106200  5.94147500 
H    1.81128100 -0.84526900  7.00790600 
H    2.34923700 -1.65810100  5.52658300 
C    0.18235000 -1.48289000  5.65251000 
H    0.07908300 -2.56512800  5.77527000 
H   -0.54182500 -0.99411000  6.31374600 
C   -0.03435900 -1.03971900  4.20526200 
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H   -1.07175700 -0.80679300  3.95909600 
O    2.01169800  1.99862000  1.97772000 
C    2.98942500  0.94830900  1.83463100 
H    3.02196300  0.61460200  0.78726000 
H    2.66341300  0.11582200  2.46009100 
C    4.31659600  1.58182700  2.24287500 
H    4.40828700  1.61031700  3.33531900 
H    5.18176600  1.04572800  1.84117400 
C    4.16360500  3.00144000  1.67438200 
H    4.79653000  3.73952400  2.17537900 
H    4.41814900  3.01037800  0.60840400 
C    2.66731300  3.28882000  1.87534800 
H    2.47084900  3.83589000  2.80312500 
H    2.22416400  3.84588100  1.04493500 




          
3-AS2 (external) 
          G = –1341.69689 




            
Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
H   -0.63351300 -0.71210700  0.54438100 
H    1.00373400 -0.41795300 -0.09956400 
H   -0.42977300  0.16596100 -0.99614900 
O    0.13857800  1.21788000  0.71275200 
C   -1.03829400  1.91611300  1.08300100 
C   -2.29290200  1.46223200  0.68268000 
C   -3.42325400  2.18825000  1.09316500 
C   -3.27126500  3.32805800  1.88108600 
C   -1.97190400  3.72884800  2.24342600 
C   -0.80752500  3.05156800  1.86902300 
H   -1.88665200  4.63105800  2.85393100 
H   -4.13123800  3.90310900  2.20931100 
O   -4.62631900  1.67956500  0.66013000 
C   -5.80260000  2.37153900  1.03031000 
H   -5.80894400  3.40061100  0.64475800 
H   -6.63307700  1.81676300  0.58701200 
H   -5.93149100  2.40317400  2.12139100 
H   -2.45562100  0.58422600  0.06676800 
Li   1.81374000  1.85259600  1.72337300 
N    1.80639400  3.88619300  2.19074600 
C    2.07693700  4.34930800  3.57988000 
C    1.57936900  5.79930700  3.82858300 
C    2.04402600  6.78577700  2.75592400 
H    1.60909300  7.77738500  2.94012800 
H    3.13358000  6.92023700  2.80109600 
C    1.62289300  6.27195000  1.37828600 
C    2.13500900  4.83506700  1.08808100 
C    3.64957500  4.88578700  0.75732100 
H    4.03298600  3.86915100  0.62088000 
H    3.82077200  5.44350200 -0.17365100 
H    4.24801100  5.36709000  1.53437400 
C    1.42580400  4.34743700 -0.19354700 
H    1.74742500  3.33556000 -0.46720000 
H    1.66478000  5.01221100 -1.03292500 
H    0.34107000  4.32554200 -0.06742500 
H    1.96660600  6.95418800  0.58765700 
H    0.52494200  6.25965400  1.33146200 
H    1.89579900  6.13327000  4.82716300 
H    0.47997600  5.78667700  3.83418400 
C    3.57101300  4.24067000  3.98277900 
H    3.95226300  3.24058300  3.74198800 
H    4.21092200  4.97009100  3.48098200 
H    3.69033400  4.39545700  5.06392800 
C    1.30212300  3.43051200  4.54766800 
H    1.66405700  2.39939100  4.47662400 
H    0.23216100  3.42876800  4.32366200 
H    1.44128100  3.76718500  5.58262000 
O    1.70379100  0.29760900  3.12480800 
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H    3.26517100  0.52238500  4.46957400 
H    3.43582100 -0.82337500  3.31500200 
C    2.00656500 -1.20224100  4.95094300 
H    2.53666300 -1.27845500  5.90500600 
H    1.90522100 -2.21306500  4.53839300 
C    0.62945800 -0.53105900  5.06730100 
H   -0.15465100 -1.21046300  5.41449500 
H    0.67341600  0.32121900  5.75460500 
C    0.39056600 -0.04914800  3.63821900 
H   -0.03083800 -0.84666000  3.01244200 
H   -0.24297300  0.83591600  3.55787100 
O    3.45490400  1.12998100  0.60915500 
C    4.76389800  1.11030800  1.22695200 
H    4.89788200  0.14499100  1.73214100 
H    4.79953600  1.90996400  1.97177800 
C    5.77025600  1.28823400  0.08896100 
H    5.93526300  2.35257900 -0.11208500 
H    6.73752000  0.82892700  0.31342200 
C    5.03876600  0.62741200 -1.08883500 
H    5.39724900  0.96383300 -2.06608800 
H    5.14458100 -0.46306600 -1.04372300 
C    3.58855000  1.03838500 -0.82947400 
H    3.36202100  2.01757700 -1.26693100 
H    2.85727100  0.31364000 -1.19774300 
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Table A.2.6. Optimized geometries at the B3LYP level of theory with 6-31G(d) basis set for 
relevant transition states of LiTMP/THF-mediated ortholithiation of 4 at –40 °C with free 
energies (Hartrees), corrected MP2 energies (kcal), and cartesian coordinates (X, Y, Z). (Note: 
GMP2 includes single-point MP2 corrections to B3LYP/6-31G(d) optimized structures.) 
 
 
          
4-AS (N-bound) 
          G = –1204.987027 




            
Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
C   -1.28983200  0.79866200 -0.33135500 
C   -2.36802300 -0.04880000 -1.00974900 
C   -1.78538700 -0.72464300 -2.25307600 
C   -0.50582800 -1.54672500 -1.94308500 
C   -0.91254600 -2.87205300 -1.24080600 
H   -1.44440300 -3.53144900 -1.94031100 
H   -0.02026600 -3.39866400 -0.88344500 
H   -1.57028500 -2.72224700 -0.38193700 
C    0.12233600 -1.95809400 -3.29251300 
H    0.98914100 -2.61160400 -3.13948400 
H   -0.60759600 -2.51258100 -3.89497400 
H    0.45077100 -1.09251700 -3.87227500 
N    0.49966700 -0.76378100 -1.17572900 
Li   2.41167100 -1.36149100 -1.32399100 
O    3.16402800 -3.09318200 -2.02727200 
C    2.82236200 -4.47018700 -1.74235300 
H    1.74643500 -4.60510100 -1.90375100 
H    3.04731200 -4.66581200 -0.68959100 
C    3.65002100 -5.31058300 -2.71674800 
H    4.64504700 -5.51215100 -2.30292600 
H    3.17560100 -6.26971100 -2.94380400 
C    3.75235700 -4.37833200 -3.93448300 
H    4.59397300 -4.61489500 -4.59195800 
H    2.83218500 -4.42272600 -4.52800600 
C    3.89805600 -3.00555700 -3.27647000 
H    4.94368100 -2.77139800 -3.04645800 
H    3.47357700 -2.18549200 -3.86234600 
N    4.06993700 -0.29927000 -0.84156100 
C    5.21179100 -0.49197200  0.08202500 
C    5.96682000  0.86021100 -0.03725500 
O    5.38353800  1.49795900 -1.18941200 
C    4.26271900  0.79026800 -1.50804000 
C    3.41748500  1.34233400 -2.57877900 
C    2.10993000  0.83042600 -2.79153600 
C    1.40093000  1.44422800 -3.83961300 
C    1.92775300  2.46405800 -4.63607000 
C    3.22101000  2.93574300 -4.39742100 
C    3.96369600  2.38007100 -3.36204900 
H    4.96685400  2.74198700 -3.15797500 
H    3.64240800  3.73193400 -5.00583500 
H    1.33132100  2.89893100 -5.43654500 
H    0.37737100  1.12318500 -4.03904100 
H    7.04116400  0.75392000 -0.21127100 
H    5.80596200  1.51157600  0.82978000 
C    6.07497900 -1.66390400 -0.41588400 
H    6.92246400 -1.83704200  0.25864000 
H    5.47782900 -2.57954800 -0.46718500 
H    6.46997800 -1.45469200 -1.41650200 
C    4.72284900 -0.75587200  1.51089300 
H    4.14089200 -1.68315300  1.55551900 
H    5.57167800 -0.85693600  2.19833900 
H    4.08729400  0.06158600  1.86526000 
H   -2.53570300 -1.37090800 -2.73056500 
H   -1.52883700  0.05431300 -2.98534900 
H   -2.76052800 -0.80173000 -0.31317200 
H   -3.22418700  0.58040100 -1.28783900 
H   -1.68327300  1.26289900  0.58396000 
H   -1.01602300  1.61962400 -1.00933200 
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H    0.63784300 -1.52642600  1.42685700 
H   -0.39363800 -0.26951700  2.14038200 
H   -1.10882800 -1.54435900  1.15774300 
C    1.07628100  1.02632300  0.40954900 
H    0.72992700  1.61082000  1.27071900 
H    2.00831100  0.52687300  0.69439400 
H    1.30089300  1.72127300 -0.40404800 




          
4-AS (N-bound) 
          G = –1204.980404 




            
Atom     X                  Y                  Z                         Atom     X                  Y                  Z 
 
C    0.00000000  0.00000000  0.00000000 
C   -1.11082700 -1.02996100 -0.33894500 
C   -1.51290200 -1.88041200  0.86994100 
C   -0.27520900 -2.53942600  1.48558600 
C    0.83934500 -1.51932300  1.84449700 
C    0.45206900 -0.74685200  3.13379300 
H    1.17778100  0.05328000  3.32307200 
H   -0.53979000 -0.29237900  3.08811600 
H    0.45671500 -1.42250700  3.99941900 
C    2.10733200 -2.32389200  2.19905600 
H    2.91376400 -1.65886600  2.53089100 
H    1.89345900 -3.01997200  3.01890500 
H    2.47145800 -2.90438300  1.34738600 
N    1.15251900 -0.63238200  0.69441100 
Li   2.90225700  0.22244800  0.36523700 
O    3.49779400  2.06661000 -0.02567700 
C    4.34213700  2.28168900 -1.18730700 
H    3.81609000  1.89951600 -2.07048500 
H    5.26140000  1.70635900 -1.04970300 
C    4.55945900  3.79401300 -1.26445400 
H    5.42287800  4.09107000 -0.65768800 
H    4.73132200  4.13548100 -2.28914900 
C    3.25969800  4.33949000 -0.65162300 
H    3.35317100  5.36198200 -0.27455800 
H    2.45009300  4.31939600 -1.39009500 
C    2.98616300  3.33024600  0.46313200 
H    3.52045700  3.59062200  1.38603300 
H    1.92575300  3.20030300  0.69263500 
O    4.62822700 -0.55645600  0.82371000 
C    5.55568300 -0.27613600  1.89639500 
C    6.80238600 -1.13969600  1.54819700 
N    6.30812200 -2.03904700  0.49083200 
C    5.14622100 -1.65710200  0.13108000 
C    4.30257000 -2.20705900 -0.94175600 
C    2.93057700 -1.86466500 -1.06601800 
C    2.26184400 -2.49476800 -2.13388700 
C    2.88016800 -3.37733700 -3.02046500 
C    4.23646800 -3.68136000 -2.86692000 
C    4.94596700 -3.09773000 -1.82628700 
H    5.99944400 -3.31778100 -1.67982700 
H    4.73187900 -4.36686900 -3.54989500 
H    2.30933200 -3.83397900 -3.82722800 
H    1.19764100 -2.30129500 -2.27352100 
C    7.94652000 -0.28648600  0.97442300 
H    8.35890700  0.38396500  1.73870200 
H    8.75031900 -0.93216300  0.60778200 
H    7.59389600  0.32194200  0.13328500 
C    7.28813000 -1.95916600  2.74966300 
H    8.12141800 -2.60426600  2.45421200 
H    7.62934500 -1.30411000  3.56090500 
H    6.48522800 -2.59769800  3.13243500 
H    5.74604500  0.80018600  1.90809600 
H    5.08563300 -0.57483500  2.84008900 
H   -0.55301500 -3.11877600  2.37742900 
H    0.13807100 -3.25416100  0.75979700 
H   -2.02861000 -1.26239400  1.61741700 
H   -2.23586600 -2.64845800  0.56440300 
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H   -0.73590900 -1.69853200 -1.12669500 
C   -0.62542000  1.18162200  0.79266400 
H   -1.26875000  1.78499000  0.13816500 
H   -1.24016200  0.86088800  1.63586400 
H    0.16464800  1.82953000  1.18981100 
C    0.51066700  0.60721500 -1.32610500 
H   -0.32351100  1.04250200 -1.88941300 
H    1.23300700  1.41333900 -1.14008700 
H    0.99340400 -0.13877600 -1.96159300 
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